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" As for your pretl? little eeed-oaps, or vases, llief are a sveet confintistloii of tbe plairata 
nature eeems to tefee in enpereading no elegonos of form to moatol Lor works, whorever yon 

of seeing jon nort we will sit down— nay, kneol down if you wlU— flnd odmfre ttese iMnga." 
— [HoGJiTK in a Letter to Ellis, 
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PREFACE. 



Tim " Hrst Book of Zoology " is expressly prepared 
for the use of pupils who wish to gain a general knowl- 
edge of the structure, habits, modes of growth, and other 
leading features concerning the common aiiitvials of the 
country. 

Particular attention has been given to the lower animals, 
as these are more often neglected in text-books. Directions 
for collecting, the preparation of specimens for the cabinet, 
and the haunts of the auimala to be studied are given, and 
the pupil is expected to study, with the book in one liand, 
and the specimens in the other. The figures illustrating this 
work, with a few exceptions, have been drawn from Nature 
by the author, and have been prepai-ed with especial refer- 
ence to their being copied by the pupil. Tc facilitate this 
the figures ai-e made in outline, with the shaded side of the 
figure indicated by darker lines. 
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The neee^ity of the pupils copjing (however poorly) the 
figures, either upon the elate, or upon paper, cannot be too 
strongly urged. 

From his own experience, the author has learned that a 
specimen or figure may oftentimes be carefully studied, and 
yet only an imperfect idea be formed of it ; hut, when it 
liad been once copied, the new points gained repaid ail the 
trouble spent in the task. 

It makes but little difference whether the pupil is profi- 
cient in drawing or not ; it should be strenuously insisted 
upon by the teacher tliat the pupils copy, as far as possible, 
the figures contained in each lesson. 

To collect in the field, to make a cabinet, and then to ex- 
amine and study the specimens collected, are the three stages 
that naturalists, with few exceptions, have pa^ed through in 
their boyhood. 

If one recalls tlie way in which boys first manifest their 
taste for encli studies, he will remember that first a few ex- 
amples were brought together ; a collection was made. It 
may have been birds' -eggs, insects, or shells ; then little 
boxes, a case of drawers, or shelves, were secured to hold 
their treasures. In thus collecting and arranging and rear- 
ranging the cabinet, the eye becomes familiar with the out- 
line and general character of the objects, and in this way the 
mind is finally prepared to comprehend the relations existing 



Hosted =vGoogIe 



between animals, and to appreciate the leading points upon 
wliidi classiiication is founded, 

Agassiz ittvariably placed before liis students a single 
specimen, or a box full of apeciniens, and told them to look 
and see what they could find out. 

It has seemed, therefore, t!iat the way to commence the 
study of zoology is to follow the course one naturally pursues 
when he is led to the study by predisposition. Nor is it es- 
sential, at tlie outset, to present the entire range of the ani- 
mal Idngdom. Teach the eharaetere of one or two great di- 
visions first, and then the pupil is better prepared to grasp in 
turn the other divisions. The persistent attempt, in all text- 
books of this kind, to give some attention to every large 
gi'oup in the animal kingdom, has often resulted in vrearying 
and confusing the minds of those who take up the study for 
the first time. 

A very serious difficulty is encountered in those hooks 
which give a more or less complete view of systematic zo- 
ology for beginners. In some, the authors commence with 
the lowest foi-ms, and end with the highest. In others, the 
highest animals ai'e dealt with first, and the lessons end with 
tlie lowest. The first mistake made is the attempt to 
teach systematic zoology, where the pupil is quite ignorant 
of the material to he classified ; and proper familiarity 
with the objects, the author contends, can only be acquired 
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by collecting the specimens and fomiing a little cabinet of 
them. 

The difficulty, howerer, arises in commencing the les- 
sons with either the lowest or the highest animals. If the au- 
thor commences with tlie lowest animals, he deals at the out- 
set with creaturea which the pupil in certain cases can never 
see, as many of the animals to be considered are microscopic, 
and most of them of sack a nature that their soft parts 
cannot be preserved. On the other hand, if the author com- 
mence with the vertebrates, he presents, point-blank, some 
of the forms of structure most difflcnlt to understand. 

The main thing at the outset is to teach the pupil how 
to collect the objects for study ; this leads him to ( 
them in Nature, and here the best pai't of the li 
learned ; methods of protection for the young, 
habits, modes of fabricating nests, and many httle f 
are here observed, which can never be studied from an or- 
dinary collection. Hence, collecting in the field is of para- 
moimt importance. Next, the forming of a little collection 
at home prompts the pupil to seek out certain resemblances 
among his objects, in order to bring those of a kind together. 
In this way lie is prepared to understand and appreciate 
methods of classification. Finally, having gi-asped the lead- 
ing features of a few groups, he is enabled to comprehend 
the character of cognate groups with less difficulty. Thus, 
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an inland student, having got the tjpieal idea of an insect 
from the study of a common gi'asahopper, for example, is 
much better prepared to understand the general structure 
of the Crustacea, though he maj never have seen the few 
forms peculiar to fresh water. In the same way after 
having studied the common earthworm, he can form a 
better idea of the compheated structure of many marine 
■worms, though these he may never see. After long delib- 
eration, and some hesitancy, the author is forced to depart 
from common usage, and present, in this first book, only a 
few of the leading groups in the animal kingdom. 

From the abundance of material, and the compai'ative 
ease with which the specimens may be preserved for cabinet 
use, shells and insects have always f oimed the favorite col- 
lections of children. They ai-e the most common objects in 
nearly all collections, and it lias seemed to the author that 
here the pupil ought to commence his studies. 

Having learned to collect and prepare specimens for the 
cabinet, and to observe the relations and difierences existing 
among them, the pupil is then prepared to go on to forms 
less familiar, or to study in detail the material already gone 
over. 

Great pains have been taken to present, in every case, 
drawing made from the animal, expressly for this book. 
They arc ah Americao, and, with few exceptions, are en- 
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viii PREFACE. 

tii'clj new. It is believed tliat teachers mil appreciate the 
absence of those hackneyed illufiti-atioiis which have too long 
done service in text-books on the subject. 

To those especially interested in the study, many figures 
are given which have never before been published, even in 
scientific works, as, for example, the rare Lymmm mega- 
sorna, Lymnma ampki, Ptyelua Uneatus, and many others. 

I desire here to express my thanks to Dr. A. S. Packard, 
for looking over the pages relating to insects, and to Dr. H. 
Hagen, Mr. Samuel H. Scudder, Prof. H. H. Straight, Prof. 
Theodore GiU, Prof. A. J. Cook, and Hiss Maggie W. 
Brooks, for important specimens for illustration ; and to the 
firm of Kussell & Bichardson, Boston, who, with the interest 
of personal friends, have attended to the proper engi-aving 
of my drawings. I am also deeply indebted to Prof, E. L. 
Youraans, Mr. John M, Gonld, and Mr. Henry "W. Swasey, 
for valuable suggestions and advice ; and, finally, I have to 
express my gratitude to the publisher of this book, who 
have, with unbounded liberality, left the entire matter of 
illustration in my hands. 

E. S. M. 

S.u.Ba, Mass., March 12, 1870. 
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riRST BOOK OF ZOOLOGY. 



CHAPTEK I. 



Fob these IcsHons, it hris teen deemed best to commence 
wifcli the sheila of moUusks, siich as enail-shells and musBels. 
They are hetter objects to examine than insects, being more 
simple in strnctnre, and less liable to be broten in handling. 
When found alive, their habits can be readily atndied, as 
they can easily be kept alive in jars filled with water. 

1, Let the pupils fli-st make a collection along the shores 
of some lake or river, picking up all the different kinds of 
shells they meet with. The waves wOl have thrown them 
Tip on the shores, or in times of drought the waters will 
have left tliem exposed. Certain kinds ai'e veiy small, 
though they wiU ■ be found by sharp looking. Most of 
the sliella collected will be empty, and these shells are 
called dea,d sJiells, because the soft-bodied creatures onee 
contained in them have died and decayed, leaving the hard, 
hmy shells. Some of the shells collected may contain the 
animal, and at one time al! of them possessed a httle creat- 
ui'e within, which was tlie fabricator of the shell. 
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3 FXKST BOOK OF Z06l,0GY. 

2. Remember that the shell is not a house l)nilt by the 
snail, as a wasp builde its nest, but the sliell is a part of tlio 
animal, and is connected to it by certain muscles, so that it 
cannot leave the shell, as many suppose. 

The empty, or dead, shells, are to be studied first. 

Looldng over the shells collected, we shall find some of 
the following kinds : 




A number of fresh-water mussel-shells, also, will proh- 
ily be collected. 




Tliese are to be reserved for future examination. Tliose 
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PRESII-WATER SHELLS. 



having a spiral turn or twist are called snail sliells, and are 
to be studied tirst. 

3. Let the pupils pick out from, their collections the 
sliells like these : 




The difEerent spiral turns, or twists, 'are called wltorls, 
and the whorls together form the spwe. The opening into 
the shell is called the aperture, and tlie line separating the 
whorls is called the miimre. The pointed end of the spire is 
called the a;pea^. 
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4 l-'IEST BOOK OF ZOOLOGY. 

Ill sonie shells the spire is elongated; in others the spire 
is shori; in others still the spire is depressed ov flattened. 




4. If the shell is held in tlie hand, with the aperture 
toward the holder, and the spire pointing upward, as in the 
figures drawn, the aperture will he either towai'd the right 
hand, or toward the left hand. In the iignrea already given, 
tlie aperture is on the right hand, and these shells ai-e called 
dextral, or right-handed, shells. 

Shells having the aperture on the left hsnA when held in 
the way above described, are called sinistral, or left-handed, 
shells. Let the pupils here examine all the shells they have 
collected, holding each one with the spire pointing upward, 
and the aperture toward them, and separate the dextral 
shells from the sinistral shells. As sinistral shells arc not 
as common as the other kind, it may be that none will he 
found ill the fii'st collections made by the pupils. Tlie fol- 
lowing is a figure of a sinistral shell : 
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PKESH-WATKR SIIKLL3, 5 

5. If the enrfaee of the shell be examined closely, deli- 
cate lines running from one suture to another will be seen, 
as in the figures ab'eady given ; and, if the shell be looked at 
from the side of the aperture, these lines will be found run- 
ning parallel to the edge of the aperture, or Up, as it is 
called. 

These delicate lines are called Ui 




The aliel] is increased in size by successive layers of 
slieliy matter added to tlie borders of the aperture. In this 
way the shell grows, 

A clearer idea of the growtli of a shell may be obtained 
by studying the next figure (Fig. 8) : A representing in out- 
line a young shell ; B representing the fuU-grown shell in 
outline; and C representing the same outline as B, with a 
number of lines of growth represented upon it. 

If the shell were now to continue its growth a single balf- 
tum, or wlwrl, the dotted lines would indicate the increased 
stages it would assume : a representing the first increase in 
ei^e, h the next stage, and e the appearance of the shell when 
the additional half-whorl lias been completed. 
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FIRST BOOR OF ZOOloHT. 




Among the lot of shells collected hy the pTipil, different- 
eined ones will be found. Now, if a number of these, of 
different sizes, can be picked out, provided they belong to the 
same kind, or species, it will be noticed that the apex of all 
of them will be the same ; but that the shells have increased 
in size at the aperture, and the aperture will be larger, and 
the larger shells will have more whorls than the smaller 
shells. The following figures illustrate four different ages 
of the same species of shell : 
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FEESH-WATBR SNAILS. 7 

6. The axia around which the whorls revolve is called 
the cohuneUa, This axis is generally solid, though in many 
Bhells it is hollow, as if the whorle had turned around a 
shaft which had afterward heen withdrawn. This hollow 
axis loolcs like an opening in the hase of tlio shell,- as in 
the following figure : 




This opening is cahed the unibiUcus. The apex of the 
shell is sometimes called the nttdeus, because the shell cum- 
meneea to grow from this point. 



CHAPTER II. 



1. The pupils will now be required to bring in some live 
enails. Let them examine bits of bark, chips, or bi-anches, 
found ill ditches, or muddy bTOoka. Under lOy-pada and 
on the stems and leaves of other aquatic plants, and on 
stones in rivers, snails of various kinds will he found. A 
dipper with the bottom perforated, or made into a sieve, and 
attached to a wooden handle four or five feet in length, will 
be found useful in scooping up tlie sand or mnd from the 
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bottom of rivers and ditelies. The dirt having lieen sifted 
out, tlie shells and other objects will be left beliind. The 
dipper may be made aa in the figure. 




Shells collected with the snids mside, and cleined for 
the cabinet, are called li/oe sMh Thej iie always moi-e 
f i-esb and perfect tban dead shells. 

Having made the collection, the snails should be kept 
alive in a wide-mouthed jar, or bottle, care being taheii not 
to have more than fifteen or twenty in a jar holding a quart 
of water, 

8. The pupils will have sccm-ed some of the following 
forms: 




I^ 13.— Fraaa-Wii 
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The broad, creeping disk upon wliieh the snail rests, and 
by which it retains its hold to the glaee, is called the foot. 
Tlie snail moves about, and crawls or glides slowly along, by 
means of the foot. 

The two little horns or feelers, in front, are called lentor 
eles, and, as the snail moves, the tentacles are seen stretched 
out in front, and occasionally bending, as if the creature were 
feehng its way along. The eyes are seen at the base of the 
tentacles, as two minute black dots. The mouth is between 
the tentacles, and below. The part from' which tho tenta- 
cles spring is called the Itead, and the opposite end of the 
body is called the tail. The surface upon which the snail 
rests is called the ■ventral or lower sm'face, and consequently 
that portion of the body which is above is called the dorsal 
surface, or back. 

9. The pnpil, in watching the habits of the snails 
he has collected, will notice some of them crawling to 
the sm'face of the water to breathe air. The snail ac- 
complishes this by raising the outer edge of the aperture 
to tlie water's edge, and then opening a little orifice in 
the side, throngh which the air enters to the simple limg 
within. 

This orifice is on the right side in those snails havuig 
dextral shells, and on the left side in those snails having sin- 
istral shells. 

Many kinds of snails which live in fresh water are called 
air-breathers, because they ai'e forced to corae to the surface 
of the water to breathe air. In doing so tliey fii'st expd a 
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bubble of air, which may be seen escaping from the breathing- 
oriiice, as in Tig. 14, B. 
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These fresh-water air-breathing snaUs may he kept imdcr 
water for many hours before life is extinct. 




are tak\Bg In lAr ; B Is just Dspelling R babble of nil' fronj tlie Lung ; L Is 
fljEsnrfieeof thowsto; K, (7, anil ^ are in tho net of crMBlins up, toget a flflsliBoppir 
of alt; ani ,/"ls mitei--brejither, hftving gllla, but no Inng. 

10. Among the snails collected, there wiU probably be 
found some which have a peculiar scale on the hinder part of 
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the body. 'Wlien the snail crawls, tliis scale will Ijo seen just 
behind the shell, as in I'ig. 15, o. 

This scale is called the operculum, and when tlie snail 
has contracted, or drawn within the shell, the operculum is 
seen +:0 fit the aperture of the shell, closing the ahell aa a 
stopper closes the moutli of a bottle. 



!NearlyaI] ^ea snails, that i^ snaihwhuhlne m « It^water, 
and many species o± fiesh w^tei sniils, and ilso nnny snails 
which live in damp plic^ on the land and wlm h are called 
land snails, ha^te in opereulum 

When the snail has retned withm the shell the operculum 
will loot like this m the apei tnre o± the sliell (Fig 16) : 

Aseries of coneentiic Imes tviU be seen inaiLiiig the 
operculum, and these are the lines of growth, the operculum 
growing around the outei' edge by suceessiTe additions, 
just as the shell gi'ows by successive additions to ita outer 
margin. 
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T!ie Wostcni rivers teem with species of snails having 
operoiilii. 

11. If the pupil has any of these opercnlated snails alive, 




he will obsei-ve that thej do not come to the snrfiice to 
breathe air. 

Instead of a hing, thoy have a cavity containing an or- 
gan, or part, called the gill, by means of which the snail is 
capable of getting from the water what the air-breathing 
enail gets from the air, namely, oxygen.^ 

It will be seen that the head of the snail is shaped differ- 
ently in the snails having an operculum, the month being at 
the end of a sort of proboscis or rostrum. {See Fig. 15.) 
The shells, too, are, as a general thing, more solid. 

13. Tims far the pupils have examined those snails which 
live in fresh water. Some of these were air-breathers, and 
came to the surface of the water at intervals to breathe 
air. He has studied other fresh-water snails which did not 
breathe air directly, but performed this function by means of 

' If the clfisa is sufBoiently advanced, the teacher may here explain about 
oxygen and what tha blood reqairee, and gets by respiration. 



Hosted =vGoogIe 



14 FISST BOOK OF ZOOLOGT. 

an organ called the gill. And these snails were operculated, 
that is, they all possessed a little siale called the operculum, 
which closed the aperture tightly when the snail contracted 
within the shell. 

He has also learned that the shells grow in size by snc- 
eessive additions of hmy matter deposited around the free 
border of the apertui'e, and that the delicate lines winch 
mark the surface of the shell, and which rtm parallel to the 
outer edge o£ the aperture, are lines of accretion, or hnes of 
growth. 



CHAPTER III. 



13, TiiEEB are many other species of snails which live 
out of the water altogether, thongh they are generally found 
in damp places; and these at'e called land snails, because 
they live on the land. 

Let the pupils now endeavor to collect some land snails. 
By going to some hard-wood grove of maple, beech, or oali, 
and turning over the layers of dead leaves, old rotten logs, 
or pieces of bark, they will be sui-e to find some specimens 
of land snails. Some of them do not grow larger than a 
pin's-head, others have shells as large as a walnut. 

They are generally light bro\vn in color, and the smaller 
species often have highly-polished or shiny shells. 

The spire is generally depressed or flattened. In many. 
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15 



the border of the aperture liaa a thickened white rim, or Hp, 
as it is called. Such a eolleetion liaving been made, the 
pupil will find among them some of the following kinds : 




14 The sniil as it ciawls along, leweB i Blimy trail a£- 
terit Thi-i tiul consibtb of a fliud which not only flows 
from tlie cieepmg dibk but also ficm the sniface of the 
body If the bick ol the sn^il is iiiitited by a sharp- 
pointed stick a little ■nhiti'sh miss of tlu% fluid or mucus, 
will iclhere to the end jt the stick 

Ej plians; the snail on i piece Df ^,H ^ "in 1 allowing it 
to adhere and ciiwl on it a gjod mbv^ may be obtained of 
the psLuliar mwements of this creeping disk by looting 
through the gliss from the other side 

The bieathmii orifice may be found lUSt -n thm the aper- 
ture of the shell on the light side of the ^i iil 

This oiilice will be seen opemna mltlo ng ■it intervals, 
{Sep Tig IS ^1 

l^i In the fi sliWT,tPi "(niils there i e 1 iit two tentacles 
upm the hcil In the linl i nls with few e\ceptions, the 
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tentacles are four in number, a larger and a smaller pair. 
The larger tentacles are called the swpeHor tentacles; the 




smaller ones, often appearing as mere tubercles, are called the 
infepiov tentacles, (See Fig. 18, s t and * t.) As the snail 
crawls, the superior tentacles are seen in constant motion, as 
if the ei'eature were feeling its way about with them. 

The eyes, instead of being at the base of the tentacles, as 
in the freeh-water snails, are foimd at the tip of the superior 
tentacles. 

In the land snails, with few exceptions, the tentacles can 
be drawn within the head, and for this reason they are also 
called retracUle tentacles. 

While the snail is crawling, let the pupil touch the end 
of the tentacle with his finger, or, even if he alarm the snail 
by a sudden jar, he will see the tentacles quickly withdraw 
witliin the head. The pupil will observe that the b\;lbous 
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end containing the eye disappeax'S first, as the end of a glove- 
finger disappears, when the hand is withdrawn from the 
glove, the glove turning wrong-side out. 




16. Something may now be learned as to the way in 
which land snails eat. 

By placing before the snail the tender leaves of lettuce or 
cabbage, the head will be seen to move, as little monthfuls 
of the leaf are bitten off. The npper lip of the mouth is fur- 
nished with a hai'dened piece called the huGoal plate. It is 
creseentie in shape, and, in some species, the cutting edge is 
notched, so that it acta like an upper set of teeth, by which 
it bites off little bits of the leaf. The floor of the mouth 
ia lined by a membi'ane having upon it rows of little pointe 
which enable the snail to rasp and grind its food. These parts 




are so minute that tliey can be studied only by the aid of a 
microscope. If the pupil will watch his fresh-water snail 



Hosted =vGoogIe 



18 PIKST BOOK OF ZOOLOGT. 

aa it crawls around the sides of the jar, he ■will see at inter- 
vals the mouth open, and a g'listening tongue appear, as the 
snail laps up the scum which forms upon the snrfacc of the 
glM.. 

Note fob TEiCHEits and Pupils. — Let the teacher here explain to the pupils 
•nhott is meant by an object bdij^ magni&ecl. 

If tlie teacher has u ooiiimon magiiifying-glass, lei each pupil in turn observe 
its magnifying effect, by loolcmg at a cotnnKhn house-flj, or the printed page of a 
booli. If a microscope can be shown the class, it will be better still. 

Let it be explained, also, what is meant by an object being enlarged two, or 
three, or more times. To be enlarged two or three times, is to malic the object 
two or three times as long as it was before, and of proportional bigness. 

Oftentimes the object has to be reduced in size in the figure, as in pictures of 
large aniinala, in the picture of an elephant, for example. 

In representations of very small animals, however, the figure has to be en- 
larged in order to show parte plainly tliat could not otherwise he seen, were they 
drawn natural size, that is, a size corresponding to the actual size of the animal. 
Thus in Bg. 24, 6 and c are greatly enlai'ged, to show the little snal within the 

ess- 

17. In searching for snails, the pupil will come across 
snail-like animals, which have no coiled shells on their backs. 
Let the pupil examine the under side of damp hoards or 
plank walks in gardens, and he will he sure to find them. 

They are very common in old gardens in cities. These 



creatures will be fonnd clinging to the board or upon the 
ground, and will present this appearance (Fig. 31). Soon, 
however, they will stretch out their tentacles, and commence 
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to crawl, and tlien their resemblance to the ehell-bearing 
snails will be seen at once. 

Instead of having a coiled shell into which they can 
retreat when alarmed, they have a little limy scale imbedded 
in a portion of the back, called the manUe. The breathing- 
orilice is on the right side of the body, and the tentacles, 
moufch-parts, creeping disk, and other features, are quite 
similar to the land snails already studied. 




ICO.— 3, Mantle; *, Brcifklng- 



18. On tho approach of winter, land snails bury them- 
selves in the ground, and those that have shells retire within 
the shell aa far as possible, and close the aperture of the shell 
with a film of the mucus which the body secretes so abun- 
dantly. In this condition they remain dormant until the 
warm weather of spring revives them again. 

If the pupil will collect a lot of snails in the early spring, 
and keep them confined in a box, with earth, damp leaves, or 
bits of rotten wood or bark, the snails in the course of a few 
weeks will lay a number of little eggs. These eggs will be 
white and round, about tho size of a pin's-head. By careful 
tending, that is, by keeping tlie loaves slightly moist, the 
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eggs will liatcli out tiny snails, and these will attain half 
their mature size the first seaaoii. 



Fia. 28^(1, Egsa of lanil SnaU ; 6, Young Snail just hatched; e, Toaog SnsU Bomewhai 
odvnncedi b imQ e ia-g juogDlfieiL 

19. If the pupil will also collect a lot.of fresh-watei' air- 
bi-eatliing snails, and keep them alive, they will deposit their 
eggs upon the sides o£ the glass jar in which they are con- 
fined. These eggs will he oval in shape, and transparent, 
and will be inclosed in a transparent, jelly-like substance. Fig. 
14, If, repr(«ente the appearance of a cluster of these eggs. 

Fig. 24 show;s a cluster of eggs with the appearance of 
two e^s highly magnified, showing the yoting snails as they 
appear within the egg. 




within the Eggs. 



"With the aid of a magnifying-glass, the eggs may be 
watched from day to day, and the young snail can he seen in 
s stages of growth. 
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20. If a land-snail is taken out of its shell (and tMs can 
bo done if boiling water be firet poured upon it, and then 
witli a pin the animal can be -readilj picked out), it will pi'c- 
aent this appearance (Fig. 25) : 




The portion contained within the shell presents the 
same general appearance as the shell itself. A free border, 
or eollai', is seen which corresponds to the aperture of the 
shell. This border is called the rnmiUe, and is a character- 
istic feature of all the snails thus far studied. It is the edge 
of the mantle which deposits the auccessivo layers of the 
shell, and increases its size. In the slug, there is only the 
hmy scale ; this is buried in the mantle, which is plainly seen 
covering a portion of the back, like a shield (Fig. 23, a). 



OHAPTER IV. 

SEA SNAILS. 

21. Classes that live near the sea-coast may now study 
the marine, or salt-water snails. These may be eoDeeted 
alive at low tide, upon rocks, or under the sea-weed. By 
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examining pools left at low tide, many little sea snails may 
be seen creeping about, 

A good place to collect dead shells may be found along 
an exposed beach. After a violent storm, when the waves 
have been rimning high, a great many animals are thrown 
up from the sea, and among them many shells may be 



Tlio fcilli>wing will be some of the shell coUe tel 



Fis. 33.— Con m 




32. "With very few exceptions, all sea snails are water- 
breathers ; that is,, they are famished with gills, instead of a 
simple lung. Moat of them are operculatcd. 

In the shells collected the pupil will find two well- 
marked groups. 

In the two lower right-hand figures of Fig. 26, the 
shells liave an aperture with a continuous border; tliat is, 
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there is no notch, or fold, in it. In the three nppur tignre* 
there is a notch, or fold, in the base of the aperture. 




This noteli is called the canal, cmd in some spoeies it is 
very short, while in other species it is very long, as in Fig. 
27. 

The mantle of the animal is prolonged in a fold which 
occupies this canal, and is called the sipJion. Through this 
fold or siphon the water finds access to the gills. (Kg, 28 
shows another species. The siphon is seen as a fold of the 
mantle nmning into the canal of the shell.) 

23. A very common species, found in the greatest abun- 
dance from Maine to Florida, on mud-flats, will give a good 
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illustration of the uses of the siphon. In tliia paiiiciilar 
species, the siphon is much longer than the canal, and, when 
the snaU is crawling, the siphon is bent upward. As the 




habit of this species is to crawl along partly bmied in the 
mud, the siphon, projecting above the level of the mud, 
conducts the pure sea-water to the gills of tho snail below. 
Fig. 29 illustrates the appearance of this snail : 




the Snrthcu of tie Mud ; B, tlHS tamo slightly buried i C 
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Such shells are called canaliciilated shells. 

The aperture of the shell is said to be entire, when it 
does not possess this notch, or canal. Let the pupil separate 
the shells having the aperture entire, from those shells hav- 
ing a canal. 

These differences in the shell, as slight as they appear, 
are accompanied hj corresponding differences in the chaa'ae- 
tcr and habits of the animal. 

Those snails having the aperture of the shell entire arc 
with few exceptions vegetable-feeders, while those having a 
cana! to the shell are flesh-feeders. The mouth-parts, and 
opereula, too, are different in the two groups. 

24. Other shells will be found differing greatly in appear- 
ance from those thus far studied. One of these is repre- 
sented in the lower left-hand comer of Fig. 26. 

Another species, called the limpet, looks like this (Fig. 



These shells will be found sticking with great tenacity to 
the rocks, and some skill and force will he required to 
remove them. This can be done by using the large blade 
of a pocket-knife, and suddenly scraping them from the rock. 
If they ai'e then placed in a saucer of water, with the shell 
downward, the animal within will be found to have the 
broad, creeping disk, head, tentacles, and other parts, peculiar 
to the snails already studied. 
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25. In the land snails, it was learned that the eggs 
were deposited separately, while in the air-hreathing, fresh- 
water snails fclie eggs were incloaed in a gelatinous substance. 
Among the sea snails there are many species which inclose 
their eggs in pods, or capsules, as is also the case in the oper- 
eulated fresh-water snails. Sometimes the capsules are 
clustered together in large masses, as in those of the whelk 
(Pig- 31) 




In others they are nnited in a long string (Fig. 32). 




The common cocMo sticks its sepai-ate egg-capsules side 
by side upon the rpet (Fig. 33). 
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The beach-cockle deposits its eggs in a broad ribljoii of 
sand cemented togethei', loolring very much like a deep 
saucer, with the tottom broken, out, and the side separated 
(Fig. 3i). 




This ribbon ia elastic when wet, and, if it is held up to 
the light, the little transparent spaces for the eggs will be 

plainly si 




CHAPTEE T. 

FEESH-WATEK MUSaELS. 



26. Looking over our fresh-water shells again, we find 
many that are Imown as mussels, or clams. These shells are 
common everywhere along the margins of brooks, rivers, and 
lakes. Tlie musk-rats feed upon the soft parts of the mus- 
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sels, and the remains of their feasts may be found in piles of 
mussel-^hells all along the shores of certain lakes. 

The shell is composed of two pieces, or vahss, as they are 
called. The two valves are often found nnited, and the 
margin along whieli they are connected is called the hinge- 
margin, because the shells hinge at this part, and will open 
and shut as a door swings upon its hinges. 

Let the pupil now examine a perfect fresh-water mussel, 
that is, a mussel in which the valves are nnited in this way, 
and he will observe that they are connected by a brownish 
substance, which is quite elastic when the shell is alive, but 
becomes brittle when dried. The shells are held together as 
the covers of a book are held together by the back. 

This substance is caJled the ligament, and the position of 
this ligament will indicate the back, or dorsal region of the 
animal. 

27. On the outside of the shell will be seen fine lines, 
which run neai'ly parallel to the outside margin of the shell. 
These lines are the Imes of growth, and indicate the succes- 
sive stages of growth, or iucrease of the shell, as in the lines 
of growth in the snail-shell already studied, and, as in the 
snails, the growth takes place at the margin of the shells. 

The pupil may trace these concentric lines back, as they 
grow smaller and smaller, till they are found to start from 
one point at the back of the shell, and this point is called 
the ieah or unihone. It represents the starting-point in the 
gi'ovrth of the shell. In fresh-water mussels, the umbones 
are eaten away by some corrosive action of the water, and the 
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early stages in the growth of the shell are usually destroyed. 
In very young shells, however, the early stages can be plainly 




38. The ligament is always hehind the beak, or umbone, 
in fresh-water mussels, and in nearly all Uvalde shells (so 
called, because they have two valves or pieces, while the 
snail-shells are sometimes called umvalve shells, because they 
have but one valve or piece). 

Let the pupil now hold a perfect mussel-^hell in his hand 
(that is, a mu^el in which both valves are together, and 
united across the back), with the ligament uppermost, and the 
umbone away from him, or beyond the ligament, and the 
valve on hie left hand is the one which covers the left side 
of the animal, while the valve on his right hand covers the 
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right side of the aiiimal. The forward end will be the end 
away fi'om him, and the hinder end will, of course, be the 
end towai'd him. (See JFig. 35.) 

29. Let the pupils now endeavor to collect some fresh- 
water mussels alive. These may be found partly buried in 
the sand or mud of rivers and lakes. As they crawl along 
partly buried in this way, they plough up the sand, leaving a 
weU-marked furrow or groove behind them. Every boy 
that goes in bathing is familial' with the peculiar furrow left 
by the fresh-water mussel. By following such a furrow, the 
mussel that made it will soon he found. 

Fig. 36 represents the appearance of a common fresh- 
water mussel in the act of crawling. 




Having collected a few in this way, they may be placed 
in a large, shallow pan of water, and allowed to remain quiet 
for a wliile. Gradually the shells will open a little, and from 
the hinder end a curious fringed border appears ; on examin- 
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ing this border, it will soon be found that the border forms 
two openings wliich lead into the shell. 

Great care must be taken not to jar the dish, or the table 
upon which it rests. The slightest jar will cause the shells to 
instantly close. If some indigo, or small particles of dirt, he 
dropped near tliese openings, currents of water will be re- 
vealed ; one eun-ent pouring out of the opening nearest the 
back, and another current as steadily pouring in at the other 
opening. The opening into which the current of water is 
passing is called the. mcurrent tn'ijice, while the orifice from 
which a current of water is passing is called the e 
Opifice. The ineurrent orifice is sometimes called the n 
tory orifice, because the water ie taken in to supply the ^lls 
which are the breathing or respiratory organs of the mussel, 
and this orifice corresponds to the siphon in the sea snails 
already studied. This enrrent of water, besides bathing the 
gills, also carries in minute particles which are fioating in 
the water, and these particles are conducted to the mouth of 
the creature, and swallowed a^; food. At the opposite end of 
the shell from these openings, or the forward end, a whitish, 
fleshy mass will be seen protruding. This is called the foot, 
and corresponds to the foot or creeping disk in the snails. 
By means of this foot the mussel crawls through the sand. 

The month is above the foot, and always concealed within 
the shell. In Pig. 35 the foot is shown, and also the excur- 
rent and ineurrent oi-ifices, with arrows drawn to indicate 
the direction of the currents of water. 

In some small species of fresh-water bivalves, the cxcur- 
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rent and incurrent orifices are prolonged into tubes, and then 
they are called siphons. Fig. 37 represents a common spe- 
cies which the pnpils may find in muddy brooks and ditches. 
By using the long-handled dipper already described, some 
specimens will probably be found. They are quite small, 
from the size of a pea to that of a nickel cent. The siphonal 
tubes are prominent, and the foot is long and tongue-shaped, 
and the animal is very active in crawling about ; also in Fig. 
14 IC and i represent two of these small animals with bi- 
valve shells. 



30. The foot of these crcatnres resembles in appearance 
and action the foot of a fresh-water snail, only there is no 
mouth nor tentacles in sight. These pai-ts are present, but 
are never protruded beyond the edges of the shell. 

When the fresh-water mussels are partly open, a fieshy 
border will be seen just within the edges of the shell, and 
this is the border of the mmdle, and corresponds to the same 
parts described in the snails ; the fringed membrane which, 
formed the openings at the hinder part of the mussel is 
simply a continuation of the mantle. 

"WTien the shells are i-emoved from the animal, the mantle 
will be found lining the shells, just as the blank pages line 
the inside of a book-cover. While the edge of the man- 
tle deposits the successive layers, which increase the size of 
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the shell, tlie entire anrfaue o£ the mantle deposits the pearly 
substance which lines the inner surface of the shells, and 
which is so characteristic of the fresh-water mussels. 

31. Grains of sand, or other particles, getting in between 
the mantle and the shell, are soon eoyered by layers of pearly 
substance poured out, or secreted by the mantle. In this way 
peai'ls are formed. 

If pearls are broken open, a centre, or nucleus, will be 
found, consisting of some particle of dirt or sand, or some 
substance which liad found its way by accident between the 
mantle and the shell, and around which the pearly matter 
has been formed in successive layers. 



GOOO 



In shells having a brilliant, pefirly lining, or naere, the 
pearls obtained are oftentimes very beautiful, and from cer- 
tain Oriental species living in the sea, called Avioula, the 
most brilliant pearls of commerce are obtained. If, on tbe 
other hand, the nacre lining the shell is dull white, as in the 
common oyster, the pearls are dull-colored. This kind of 
pearls is often found in oysters. 

The Chinese have long been familiar with the art of 
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making artificial pearls. By partly opening the shells of 
certain fresh-water mussels, and inserting little lead images, 
or other objects, hetween the mantle and the shell, the ob- 
jects soon heeome covered with a natural layer of pearl, 

32. Let the pupils now study the markings on the inner 
surface of the shells of river-mussels. The shells of these 
creatures arc called valves, and are spoken of as right or 
left valves, according to whether they are on the right or left 
side of the animal. 

Certain ridges and prominences will be seen at the hinge, 
and, when the valves are carefully joined, the ridges in one 
valve will correspond to gFoores in the other valve. These 
lidges are called teeth. The short ones, near the beak, are 
called cardinal teeth., and the long ones lateral teeiJi. The 
margin upon which they occur is called the hinge^na^gin, for 
it is upon this margin that the valves turn. {See Fig. 39.) 

33. Certain sears, or impressions, will be found marking 
the inside of the valves, and these indicate the point of the 
attachment of certain muscles to move the valves, and to 
enable the animal to protrude its foot, and crawl along. 

These marks are hence called muscular marks, or Ttmsou- 
lar impressions, and will he found to correspond in the right 
and left valves. 

An irregular, round impression will be found at each 
end of the valve, near the hinge-margin. These show where 
the muscles are attached to move and close the valves, 
and hold them firmly together. The muscles run directly 
across from one valve to the other ; and, to open a live 



Hosted =vGoogIe 



PRESH-WATEK MUSSELS. 



mussel, it is necessary to pass a sharp blai 
the valves, and cut through the muscles, before the valves 
will open, Th^e muscles are called the adductor muscles, 
and the scars or impressions on the valves are called the 
adductor muscular impressions. Very close to the adductor 
nmscuiai' impressions are seen smaller impressions, and these 
indicate where the muscles are attached which move the 
foot. These muscles are called the pedal muscles, and the 
impressions are called the pedal miiscular ijn^ressions. One 
occurs just behind the anterior adductor impression ; the 
other wdl be found just abore, and in front of the posterior 
adductor impression. 




i MDBaBL.— e, Oardinol Teetl : I. Lnteral Toot 
iregslon ; jfO, Poslfliior Addaclor Impreeslo 
; pp. PoBliirior Peilal MiiBonhr ImpreBSLo 



34. Besides these marks, the pupil will see a delicate 
and slightly irregular line running from the anterior to the 
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posterior mtiBetilar impresaion, jnst inside, and nearly parallel 
witb the lower margin of the shell. This line is called the 
^aUial line, and indicates where the mantle is attached to 
iiie shell. It will be observed that, when the soft parte are 
remored from the sliell, the mantle adheres along this line. 

The pupil may mark with a pen the names of all the 
parts upon the inside of a fresh-wator mussel. 

35. When the mussel is opened by separating the ad- 
ductor muscles with a knife, the valves slowly open, and 
after the animal is removed the valves still remain partly 
open, and, to preserve them closed, a string has to be tied 
aromid them, and in this condition, if the ligament is allowed 
to diy, the valves will then remain closed. From this it is 
evident that the ligament acts upon the valves to draw them 
apart. To keep them closed, then, the animal must continu- 
ally exert itself by contracting the adductor muscles ; and it 
will be found that, when these creatures are left in the water, 
undisturbed . for a while, the muscles relax, and the valves 
partly open. The ligament is elastic, and is stretched as it 
were from one valve to the other, over the back. A possible 
imitation of the action might be represented by partly open- 
ing the lids of a book, and then gluing across the back, from 
one lid to the other, a sheet of elastic rubber. If, now, the 
lids are tightly closed, the rubber is drawn out, or stretched 
across the back, and, if allowed to regain its elasticity, the 
lids are pulled apart. This experiment illustrates the way in 
which the ligament acts in those shells -which have the liga- 
ment external. 
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CHAPTER VI. 



36. Classes Iiaving access to salt-water may now collect 
a lot of bivalves, as the clam, mussel, razor-shell, oyster, seal- 
lop, and whatever species they can find belonging to this 
group. A much greater variety of forma will be found in 
salt-water than in fresh-water. 

Among some of the common species met with will be 
the following : 




In these the pupil may trace oat the museiilar impres- 
sions within the shell, and make out their relations to the 
impressions already described in tlie fi'esh-water mussels. 
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Many differences will l>e otserved in the maseular impres- 
sions, as well as in the teeth and the position of the ligament. 

3Y, As the common eoft-slielled clam 'can be readily pro- 
cured in the fish-markets, it will be well to study this first. 
A live specimen must be selected, and, as the clam lives a 
long time after it has been removed from the water, there 
will be no difficulty in getting the proper specimen. Upon 
pressing the valves together, or touching the eolt parts which 
partly protrade from between the valves, the creature will 
show signs of life, by drawing the shells closer together, and 
this will assure the pupil that the specimen is alive. 

A large shallow dish may now be filled with pure sea^ 
water, and in this the clam may be placed. After it has 
remained there for some time, the blficli end of the animal, 
which is incoiTeetly called the heai3, will slowly stretch out 
from between the shells, and the end, unfolding, will display 
two openings fringed with Httle feelers {see Fig. 42). Into 
one of these openings the water will be seen flowing, while 
from the other a cmTent of water will be seen issuing. And 
these openings are called the inGurrent and exmrrent orifices, 
and correspond to similar parts previously described in the 
fresh-water mussels. In the latter creature, the openings 
just protiTided beyond the edge of the shell. In some very 
small species of fresh-water bivalves, one of which was shown 
in Fig. 37, these openings were at the end of separate tubes. 
In the clam the tubes are inclosed in one sheath. 

The clam can protrude this apparatus to a length equal- 
ing that of the shell two or three times. As the clam lives 
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buried at some depth below the level o£ the sand or mud m 
which it occurs, it requires this extension of the openings 
to reach the searwater above. 

38. It may he stated here, that the current of wiiter 
passing into the general cavity of the shell not only carries 
the particle of food upon which the animal subsists, but con- 
veys the pure searwater to the gills by which it breathee, 
the gills performing the same function for animals living 
iminersed in water as the lungs perform for creatures which 
breathe air. All bivalves depend upon cniTents of water to 
convey their food to them. 

"While, in the snails, the creatures could go in quest of 
food, having the power of protruding the head from the 
shell, and their moutlis furnished with means to bite or rasp 
their food, in the bivalves there ia I'eally no head, they hav- 
ing only a little opening directly under the anterior adductor 
muscle, which is the mouth, and into which the particles of 
food are swept. 

39. If, now, the clam is opened, the edges of the mantle 
will be found much thickened and united, except a small sHt 
near the front edge, through whicli can be protruded a smaU, 
tongue-shaped foot. Powerful muscles will be found at tlie 
base of the united siphons or tubes, which move the siphons 
in and out, and an examination of the inside of the shell will 
show where these muscles are attached. The pallial line, 
instead of running directly from the anterior adductor im- 
pression to the posterior oiie, is abruptly curved back, and 
fonns a sharp bend, as it turns again to the posterior ad- 
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dactor impTeasion, This mark is called the sinus, and, when 
present, indicates the siphons to be of considerable size, and 
having large muscles to contract them. 

Let these parts now bo marked with a pen upon the sliell, 
with their names, as in Fig. 41 ; 




40. On opening the shell, a prominent tooth is seen 
on one of the valves near the hinge, while on the other 
valve there is a corresponding depression. When the valves 
are forcibly separated, there is left attached either to the 
tooth, or in the depression, a substance resembling dark glue, 
very elastic, and firmly attached to its place. This is the 
ligament, and is said to be internal, because it is within the 
shell, and not upon the outside, as in the fresh-water mussel 
already studied. When the animal closes the shell by con- 
tracting the adductors, the ligament is compressed, by being 
jammed between the prominent tooth, and the recess into 
which it fits. When the muscles relax, the ligament expands, 
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ioMHOH Clam.— ji, showing SlTiloiia nnrtiy e-itandeil; in., Innurrent Orlflee; « 
est Orlflco; /, Foot; jn, tlilotieneil Ijoiiler of tJie Msntlo piDleeting beyond H 
If tho Shell ; B, 8i|)hona, greatly axtended. (The shell Is not drown, he fiiera >» 



10 room for It on the pnge.) The. 



ori£cos Are more opon than In A. 
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forcing the valves apart. The way in which it works might 
be illustrated by placing a piece of rubber inside the hinge 
of a door : when tlie door is closed, the rubber is squeezed, 
and the tendency would, of course, be for the rubber, in ex- 
panding, to again push the door open. 

That it requires a continual efEurt for the clam to keej> 
the valves closed, is seen in the fact that when these 
creatures are allowed to remain out of water for a while, as 
they are when in the market, the muscles get tired, and, 
relaxing, the shells partly open. If, now, the basket or 
baiTel which they are in be suddenly shaken, the clams 
will aa suddenly close, and a rustling sound is made, as the 
water is forced out from the gill-cavity, the water often 
squirting out in a stream from the aiphonal openings. 

41. On the roclts hetween high and low water mark, and 
adhering to the piles of the wharves, may be found clusters of 
mussels which are attached to these places, and to each other, 
by little brown threads which issue from between the valves 
below. These threads are made at will by the creature, one 
by one, and are fastened to the substances upon which they 
rest. The threads are called lysscd-threads, and, combined, 
form the iyssits. 

If the pupils will collect a number of these salt-water 
mussels, and place them in a large gla^ dish or bowl filled 
with salt-water, they may watch the mu^els as the creatures 
attach themselves to the sides of the vessel. In the figure, 
the byssus is seen like threads coming from between the 
valves below, with their ends adhering to the stone. 
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42. Fig. M represents an animal which is often thrown 
up on beaches along the coasts, after a storm, and whose shells 
are very common in the debris thrown up by the waves. 




These shells are very thin and delicate, and the valves are 
strengthened by a thickened rib which runs from the umbone 
toward the lower margin of the valve within. 

In this species the siphons are united, the mantle projects 
beyond the edge of the valves, and the foot is flattened in 
front. 




Sia. 44—;, Ligament ; / Foot ; «i, Mantle ; s, SiphoDE 



Fig. 45 represents another animal which is often abun- 
dant on the sea-beacli. In this species the siphonal tubes are 
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separate, instead of being united. This figure represents the 
tubes only partly extended. They can he thrown out to 
twice tlie length represented in the figure. 



Another species q^uite similar to the above occurs on mud 
flats, in company with the common clam. If this be col- 
lected alive and placed In sea-water, the creature will extend 
its siphons, which are long and separate, and bend them in 

43, The pnpila have now learned, among other things, 
a few features regarding the position which certain bivalves 
occupy in their native haunts : the fresh-water mussel creep- 
ing by means of its foot through the mud or sand in which 
it lives partly bnried ; the salt-water mussel, fastened to 
some place by means of its byssna ; the soft-shelled clam, 
lying buried at some depth in the mud, and extending its 
siphons to conduct the pure sea-water to its giUs, and food to 
its mouth. 

The oyster differs considerably from these animals to 
which it is related, and which have just been studied. In- 
stead of being free, they grow attached by one of their valves 
to the rock and to each other ; clusters of a dozen or more in- 
dividuals of different sizes are foimd growing, attached to 
each other, and forming large masses. At any oyster-market 
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the pupil may get these elusteTa, Before studying a speci- 
men, it is best to clean the shell thoroughly in water by means 
of a coarse brush. 

44. Instead of having two adductor muscles, it has but 
one (though this muscle, it seems, is composed of two ele- 
menta). A single dark-purple mark on the inside of each 
valve shows the point' of attachment of the adductor muscle. 
When the oyster is opened, the mantle contracts somewhat, 
so that the edge of the mantle is some way fi'om the margin 
of the shell, as shown in Fig. 47. 

The left valve is the larger, and is the one that becomes 
attached ; the right valve is flattened, and somewhat smaller. 
The mantle has its mai'gins free ; that is, the edges are not 
united as in the common clam, where they are not only 
united, hut greatly thickened. Neither is the mantle pro- 
longed into siphons as in other species ; consequently, the 
water flows in at one portion of the shell, and pours out of 
another portion, not being definitely conducted by special 
channels, as in those forms heretofore given. The oyster 
can be readily studied, as specimens may be got in almost 
every village in the country. 

In looking over canned specimens, be sure and pick out a 
large one, and one that does not appear to be mutilated, as 
they frequently are when taken out of the shell by the oya- 
terman, or jammed, as they often are in packing. 

To those who can get them alive, it is well to have the 
oysterman open the specimen, being sure that he removes 
the larger valve, leaving the oyster attached, and resting in 
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the smaller and flat valve, ■wliicli is the 7'ight one. To ex- 
amine it pi'opei'ly, the specimen most be placed in a deep 
saucer filled with water, bo as to cover it. A number of 
rinsings will remove the mucus with which the oyster is 
covered, and this will render the specimen in better con- 
dition to examine. In placing it imder water in this way, 
the membranes float apart, and can be more readily 
studied. 

45. The adductor muscle is near the middle of the animal. 
It is composed of two elements, one half being a glistening 
white, and the other half being grayish. Lnmediately ad- 
joining the grayish portion of the muscle, a translucent space 
is seen, and this space contains the heart, composed of a body 
constricted in the centre, as if a tube had been tied in the 
middle by a string. This is the heart proper, and in speci- 
mens freshly opened the heart may be seen to slowly pulsate, 
or beat. 

By raising the mantle, the gills will be seen as delicate, 
leaf -like membranes. 

At the smaller end of tlie oyster, and that portion which 
comes next to the beak or hinge, the mouth will be found 
having on each side two delicate lappets, which are called the 
palpi. It will be difficult to find the mouth, and some pa- 
tience will be demanded in lifting the mantle and following 
up between the palpi to where the mouth is. 

The dark region just back of the mouth contains the 
stomach and liver ; the dark or blackish portion, showing so 
conspicuously in cooked specimens, being the liver. 
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By referring to the accompanying iigures, these pai-ts 
may be readily made out : 




46. The pupil will now recall some characters in e 
between the snails, and the muaaels, claraB, and oysters, thus 
far studied in these lessons, namely : they all have the body 
protected by a limy shell (except the slug), this shell either 
i of one piece, as in the snails, or of two pieces or 
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valves, aa in the clams, mussels, and oysters. All of liiem 
increase the size of their shells, or grow, by the addition of 
layers of shell-matenal to the edge of the aperture, or the 
margina of their valves, and these layers are indicated by 
delicate lines seen on the outside of the shell, and called linea 
of growth. They all have the creeping disk, or foot (except- 
ing the oyster). In the snails, this is broad and flat ; in the 
mnssel and clam the foot is flattened sideways, and variously 
shaped. In the snails, the creature projects, with the foot, 
a head furnished with feelers, or tentacles, and the mouth is 
possessed of certain hard parts by which food can he eaten. 
In the mussels and clams there is no definite head, the mouth 
being hidden away within the mantle, and the creature pro- 
jecting, from the forwai-d end, only the foot. In all of these 
animals thus far studied tliere is a cavity within, containing 
the gills to which water has access, or else there is a simple 
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lung, as in the air-breatlung snaile. These, with the cuttle- 
fishes, which we will not consider here, belong to a branch of 
the Animal Kingdom called Mollusea. 



CHAPTER VII. 

COLr.EOTING INSECTS. 

47. These lessons, as well as the preceding ones, are 
prepared with the understanding that the pupils shall make 
a collection as far as possible of the species of animals stud- 
ied. In fact, it is a part of the lesson to know how and 
where to collect, and above all to know how to preserve the 
spechnens collected. To enable the pupils to do this, the 
briefest directions are given for the making of boxes, nets, 
etc., accompanied with the simplest methods of preserving 
tlie collections made. 

In many cases the directions given are by no means the 
professional methods; thus the pupils are directed to use 
common pins for insects, while the professional collector uses 
only the true insect-pins made expi-esaly for the purpose, but 
these are oftentimes difficult to procure, and are more expen- 
sive than the common ones. 

In commencing these lessons, each pupil must first be 
provided with a number of common pins, and a bos prop- 
erly aiTanged in which to pin the insects collected. 

Some holiday afternoon, oi' an hour before sehool-tiiiie 
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ill the morning, may be spent in making the insect-boxes. 
These may be of any convenient size, having a depth of not 
over two and a half or three inches, and furnished with a lid. 
A shallow cigar-box will answer the purpose. The bottom 
of the box may be lined with strips of eorn-pith, or slices of 
cork, into which the pins can be easily stuck. Large cork- 
stoppers will do, and these may be cut into lozenge-shaped 
piece 1'! e th' 



,^ 



These p eces let le tistenel to le bottom of the 
box 1 y e;! » It t i s of co n p th Tie used, they may be 
tacked o ^,1 e 1 to tl c 1 ttom t tht 1 ox The box, when 
finished, will look something like this : 




48. The insects, when collected, are to be pinned to the 
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cork ill the way figured, leaving the head of the pin snffi- 
cieiitly above the insect to grasp with the fingers. 

Care must be taken not to have the insect too fai' down 
on the pin, a& its legs in that ease would touch the bottom of 
the box, and break off. Insects may be killed by immersing 
them in alcohol for a few minutes. 




Butterflies may be kiUed by compressing the body be- 
tween the thumb and forefinger, as shown in the figure, 
using just force enough to kill, withoTit a^ishing them. 
The fumes of benzine, or ether, and of certain poisons, will 
also kill insects, but these substances should not be suggested 
to young pupils, as theii- use ia dangerous. {Teachers will 
here use tlieir judgment according to the character of theu- 
classes.) The rude box and common pins are offered sim- 
ply for experimental collections. The ingenuity of a pupO, 
where neater collections are desired, will readily secure bet- 
ter ways of making them. 

49. The pupils may go out in a class in quest of material 
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for study, and this is the "best way, as the activity and sue- 
3 of one will act as a stimulus to the others. 




In tlie country, the best places to collect ai'o by tlic road- 
sides, or borders of woods and groves ; in the gardens, and 
by the fences, or along the shores of lakes and brooks, under 
stones and stumps, the bai'k of fallen trees, or beneath the 
layers of dead leaves. Insects are scarce in deep woods, and 
in large, open ti'aets of pasture-land. 

In the cities, the parks and gardens will afEord good 
collecting-grounds, as ii]idcr plank-walks and boards many 
insects find shelter. Alongside of railroad-tracks the dis- 
carded sleepere often hide many a curious beetle. In short, 
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63 



let the pupil peer under any object large enough to afford 
shelter to these creatures. By following the fuiTowa made 
by a plow, certain kinds will siu'ely be met with. Tlie pupil 
must be urged to pick up every thing that he thinks is an 
insect, such as grasshoppers, beetles, flies, ants, spiders, etc. 
lu a single holiday afternoon the pupil will have gath- 
ered some of the following animals : 




CHAPTER VTII. 



50. The animals ai'e now to be cai'ef ully examined. Let 
the pupils pick out, and ari'ange together in one portion of 
the box, all of those which have three pairs of legs. In 
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some, the legs will be closely drawn to the body, but by 
sharp looking they will be found. 

After studying these carefully, the pupil will observe 
that those insects which have three pairs of legs liave the 
body divided into three regions, or parts, called respectively 
the head, thora^e, and abdmnen, and that, with few excep- 
tions, they all have wings. Insects having these characters 
are called Insects ^proper. They are also called Hexapods, 
a word meaning six legs. 

These are to be studied fu'et. The other animals col- 
lected may be saved for f utui'e study. 

51. Some insects have the three parte of the body dis- 
tinctly separated, as in the ants, flies, and wasps. In other 
insects the parts of the body are very close together, so that 
it is dilHcult to distinguish the dividing hne, as in certain 
Let the pupils examine each insect, and make out 
3 head, thorax, and abdomen. 




Insect ^ritb tlie beoil, 
and oMo 



In the head, we find the inouth, the eyes, and ihnfeders, 
or amtennm. 
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The mouth is on the under side of the head, and ia sur- 
rounded by certain parts called mouihpa/rts. These parts 
difEer greatly in different insects. 

52. In those insects that chew their food, such as the bee- 
tles and grasshoppers, certain of the mouth-parts act as teeth, 
or jaws, and, being joined to the right and left sides of the 
mouth, move sideways, and not up and down, as in other 
animals. In other insects some of the mouth-parts are very 
long and slender, so as to form a long, sharp sting, as in the 
bu^ proper, so that they use them to suck the juices of 
plants upon which they feed. Or, the parts are again modi- 
fied in shape to form a long, slender tube, by which the 
nectar of flowers may be sucked, as in the buttei-flies. 



In the common house-fly, the mouth-parts appear as a 
proboscis, a kind of fleshy appendage which is bent up when 
not in use. When the fly feeds, the proboscis unbends, and 
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the food is lapped tip by it. Let the pupils carefully watch 
a fly aa it feeds upon a bit of sugar, or as it laps the hand. 

In the butterfly and moth the pupil may uncoil the long 
tongue with a pin. It resembles ia appearance a watch-spring. 

53. On the front of the head are two horofl, or feelers, 
called antemicB. 

These are variously jointed, and vary greatly in difEerent 
insects. 

In bntterflies, they are generally long' and slender, and 
swollen at the tips, like a drum-stick. Sometimes they are 
thread like, and in others the anteunfe are barbed on the 
sides, and look lUie a feather, as in certain niotha. In some 
beetles they are strongly -jointed. In the common house-fly, 
they hang down in front of the head. 

Below are given figures of the left antenna of several 
different insects showing how difEerent they are in difEerent 
kinds of insects. The pupils might save the antennfe of 
difEerent insects and glue them to a card, writing opposite 
each one the name of the insect, whether fly, beetle, or locust. 

54. On the sides of the head are round, smooth places, 
and these are the eyes. They are entirely different from the 
eyes of most animals, for, when examined under the micro- 
scope, they are seen to be divided into little spaees, looldng 
very much Hke the surf'ace of honey-comb. Each of these 
little spaces represents a separate eye. Some insects have 
hundi-eds and even thousands of these little spaces, or eyes. 
For this reason, such kinds of eyes are called oomjjaund eyes. 

Under the microscope three minute black dots may be 
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seen on top of the liead between the compound eyes, and 
these are called simple eyes. 




In many insects, as in the di i^on flies for example, the 
compound eyes are very prominent and cover the sides of the 
w the insect to look backward as well as forward. 




A, Head of Fly, EEituriil sizo. 

B, ncad. of riy cnlarRsd eight times; c, compound eye; s, simple ej 

C, Portion of the BurUiee of a componnd eye highly magailled. 
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55. Thus far we have learned that an insect proper, or 
true insect, has the body divided into three parts or regions, 
called the head, the thorax, and the abdomen. 

Lot the pupil talie a dead fly, and first pnll off carefully 
the legs and wings, and afterward separate the head from 
the thorax, and the thorax from the abdomen. Having 
separated the parts in this way, they may be pasted to a card 
in this manner, writing the correct name beside each part, or 
region, as shown in Fig. 58, 




The principal parta of the head are the mouth-parts, com- 
pound eyes, simple eyes, and antennte. 

56. In studying the thorax, the pupil may select some 
common insect (a large fly, or a bee, will answer the pur- 
pose), and pull oS the head and abdomen. A common 
house-fly separated in this way may be stuck upon a card. 
By experimenting with a number of insects in this manner, 
the piipil will soon learn that insects not only have the body 
divided into three sections, but that the thorax invariably 
has attached to it the legs and wings — the legs beiug at- 
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taclied to the under side of tlie thorax, while the wings 
are attached to tlie upper side thereof. 



¥^. 09.— Head, bimus montti-pftrls, antcnnic, compoimd ayss, o; autl simple eyes, a. 

Ibona, tiayins legs una Mega, 

AbdomeD, uevor liavia^ Je^s or wiDgs, bnt having' certdn appondages nt the oxtren^ity. 

57. The wings of insects are never more than four in 
number, and these are arranged in two pairs. . 

The group of insects to which the house-fly belongs has 
bnt two wings, or a angle pair, and among this group {and 
other groups of insects as well) there are some which have 
no wings. 

The wings are very different in shape and structure in 
distinct kinds of insects. In the common ily they are 
quite small, and transparent. In the butterflies they are 
large and broad, and are covered with minute scales which 
rub off on the fingers like dust. In the dragon-fly the 
wings are long and narrow. 
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In all these wings the pupil will observe a net-work of 
Hnes, wbieh stiffen the wing and support the delicate mem- 
bi'ane constituting the wing, jnst as the frame of a Idte 
stiffens and supports the paper tliat ie sti-etched upon it. 
These lines are called veins, or n&rvures. To study the vena- 




I 






twn of the wings, ia to study the way in which these veins 
are arranged. It would be well for the pupils to stick upon 
a card a number of different lands of wings, such as tliose 
of the grasshoppers, beetles, flies, wasps, and lahel them 
accordingly. 

58. In many insects the forward and hinder pair of wings 
are of the same nature, as in the hutterflies, moths, bees, 
wasfffi, and dragon-flies. In other insects, however, the for- 
ward-winga differ in character from the hind-wmgs. Thus, 
in the grasshopper the forward pair of wings are more 
dense in structure than the hind-wings, though the little 
veins may he seen closely Q-owded together. They differ as 
well in foi-m. (See Fig. 64.) 

In other insects, as in the aquash-bug, the front-wings 
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have tlie half nearer the hody dense and stiff, while the 
remaining portion of the wing is veiy thin, or membranous. 

In the beetles the front wings are hard throughout, and 
in most of tliem are bent and moulded to the shape of the 
body, and, when dosed, form a tight cover over the hind- 
wings. 

The forward-wuigs of a beetle are so unlike ordinary 
wings, that they are not called wings, but ai'e known as 
dytra, a single one being called an elytron. 

59, When insects are at rest, they generally bring tlieir 
winga into a position different from that taken by them in 
flight. In certain dragon-flies, however, the wings when 




at r^t assume the same position as they do when flying. In 
the butterfly the wings are brought together over the back 
when at rest, while the moths rest them sloping over the 
abdomen, the fi'ont-wings covering the hi ii dor-wings. 
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In the grasshopper, the front-mngs are long and narrow, 
while the hiiid-wiiigs are large and hroad. When the grass- 
hopper is at rest, the hind-wings are folded together pre- 
cisely Hke a fan, and, when closed, rest against the sides of 
the abdomen, the long, narrow front-wings closing down 
upon them, and covering them. 

60, Let the pupils prepare a grasshopper, with the wings 
spread as in the act of flying, A specimen which is dry may 
be moistened by wrapping it up in a piece of wet cloth, and 
letting it remain a day or two. 




Haying softened the joints of the insect in this way, it 
may then be pinned to a piece of cork, or a pin-cnshion, 
and, the wings having been stretched, they may be pinned 
in this position, using triangular hits of card through which 
the pins are passed to hold the wings in place, as represented 
in Fig. 6i, which shows a grasshopper with the wings on 
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one side of the body pinned in tlie way described. When 
the insect becomes perfectly dry the wings will remain in 
the position in which they were pinned. 

A common beetle should he prepared in the same way. 

In the beetle the front-wings ai'o very hard and are 
closed tightly over the hind-wings. With a pin, or the 
blade of a knife, the upper or front wings may be opened,' 
and beneath these will he seen the hind-wings, not folded 
like a fan as in the grasshopper, but folded or bent in the 
middle, as the arm is bent at the elbow. 




61. The abdomen has no wings or legs, but is plainly 
marked with Hnes running across the abdomen transversely. 




Hosted =vGoogIe 



64 



FIRST BOOK OF ZOOLOGY. 



These lines show tlio separation of the aMomen into rings, 
or BegnientH. In insects with lengtliened and slender ab- 
domens the Begmenta are long, and the ahdomen, when bent 
or ciiryed, bends at these joints, as shown in Fig. 6T. 




If the pupil can handle these parts delicately enough, 
he may be able to sepaiate the ibdomen at these joints, 
into a series of rings, oi segments and glue them on a card, 
marked " limg'< or segmenti, cf the ahdomen."" In tlie grass- 
hoppers the segments sht^ \erT plainly. On the hinder 
part of the ahdoniLn theio aio virions appendages, some- 
times so short IS to be SL^icely peiceptible, sometimes long, 
and thread-hke, is in the Ma;j fly (Fig- 98); again, in the 
shape of a sharp stmg as m the hornet. In the mcket, they 
are quite long and contpienous These appendages vary 
greatly in difEeient insects 
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CHAPTER IX. 

PAET8 Off AN INSECT (cOUTINUED). 

62. The ptipiis liave learned that the abdomen is divided 
into rings or segments, and the division between these seg- 
ments is plainly seen in most insects. 

The thorax is divided in a similar manner, only the lines 
which divide the thorax are not so plainly seen. 

The nnmber of segments in the thorax is three. To the 
iirst segment, the head and first pair of legs are attached ; to 
the second segment, the second pair of legs and the first pair 
of wings are attached; and to the third segment, the hind 
pair of legs, the hind psar of vrings, and the abdomen, are 
attached. The three segments of the thorax have special 
names: \]ie prothorax, this being the foi'ward segment, next 
to the head ; wmotlwrax, being the middle segment ; and 
metathoTim, being the last segment. An-anging these seg- 
ments with the appendages attached to them in a table, they 
would appear as follows : 



at pair of wln^. 
It the thira pur of 
condpi^Tof^Dgs. 



rt He^jiDCnt, MsUtikora^e^ J 



63. Let the pupils now endeavor to dissect a beetle, care- 
fully separating the segments of the thorax, and, if possible, 
the minute jaws and other mouth-parts, and stick them on 
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a large card, with the 
marked upon the card, 



of the different parts neatly 
the accompanying figure (Fig. 




Havuig now learned something about the pai'ts of an 
insect, and having seen how mucli these parts vary in size 
and appearance in different insects, the pupils are better pre- 
pared to nnderatand the surpiising modiiication whicli the 
motttlwpaHs undergo in the different groups. 

64. The parts of an insect's moutb, generally speaking, 
consist of an upper lip, called the It^rwm; a pair of jaws, 
called mmidihles ; a pair of smaller jaws, called mawiU(e, to 
which are attached little jointed feelers, called mcmMary 
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iMipi ; and a lower lip, called tlie laMum, whicli represents 
still another pair of jaivs joined together; to this joined 
piece, or labivmi, are attached a pair of jointed feelers, called 
lahial palpi. In Pig. 68 these parts are shown separated 
from the head. 

The numberleiSS varieti^ of month-parts, peeniiai- to dif- 
ferent inaeets, are in reality made up by modifications of the 
parts above described. Thus, in one group of insects, the 
mandibles may be lengthened out into a piercing-like sting, 
while some of the other parts may be red\iced in size, or be- 
come almost obsolete. In another group the maxiihe may be 
gi-eatly elongated, with their edges joined to form a tube, 
while the other parts of the mouth are scarcely to be dis- 
cerned. In another group the labium may be greatly length- 
ened to form a tongne-like organ for lapping np food, while 
the mandibles — so big and hard in some insects— are barely 
perceptible, and of no use to the insect. 

Not only, then, do these parts assume different propor- 
tions and different shapes in the different gi-oups of insects, 
but they also vary greatly in being very hard or very 
soft. 

If the pupils will examine the different kinds of insects' 
wings, taking the front-pair of wings for example, they will 
find a marked difference between them, some being very 
large and transpai-ar.t, as in the dragon-ffy, others being hard 
and opaque, as in the front wings or elytra of a beetle. 
Compare the broad and briUiant-eolored wing of the butter- 
fly with the straight and narrow fore-wing of a common 
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grasshopper. And yet these are all wings. In a similar way 
do the month-parts of an insect vary. 

65. In the head of a moscniito, what appears to he a 
single sting, by which the animal pierces the flesh and sucks 
the blood, is in reality composed of long, delicate, thread- 
like parts, which represent the mandibles, maxLUfe, and the 
tongue, or ligula, wliich represents a prolongation of the' 
labium. In the bugs the mouth-parts are compacted into a 
hard beak — the piercer, so called, consisting of mandibles, 
maxillfe, and labium, the labruni being represented by an 
acutely triangular piece. 

The mouth-parts of a beetle have already been described 
in general terms. They are represented as separated from 
the head in Fig. 68, while in Fig. 69 a side-view of another 
beetle is given in which the mandible shows very promi- 
nently, while the labrum, labium, and maxillte, do not show 
at all, as they are concealed by the other parts. The maxil- 
lary and labial palpi are seen, however. 

66. In the butterfly the labial palpus is seen verj' large 
and prominent, while the coiled, thread-like tongue represents 
the pair of maxillte lengthened and joined, foinning a long 
elastic tube which can be coiled or uncoiled by the insect, 
and through which it sips the nectar of flowers. In the 
mouth-parts of a house-fly the parts are soft and fleshy, and 
united together to form a sort of proboscis ; the maxillEe are 
minute; the maxillary palpi are present as simple jointed ap- 
pendages ; the mandibles are rainnte, and useless ; while the 
labium is greatly developed, having a broad end which is 
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divided into two lobes at the extreiqity, by means of which 
the Hy laps up ita liquid food. The insides of these lobes 
are rough, and the irritation which flies produce when they 
ah'ght upon the hand is caused by the scratching of these 
rough surfaces. 



4»a«r2^«, maatUu-i and 




A Fkw Ihsbotb 



67". Much more may be learned about the mouth-parts of 
insects, and the pupils might attempt the separation of the 
month-parts of such insects as the grasshopper, beetle, wasp, 
and butterfly, sticMug these parts, when separated, upon a 
piece of white cai'd, as shown in Fig. fi8. 
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It will be advisable, also, for the pupile to utilize tlio 
broken specimens of insects by selecting the wings of dif- 
ferent insects and gluing them upon a cai-d, labeling each 
one. Different kinds of antennas might be fastened . upon 
another cai-d, and the le^ of some widely-different insects 
may be arranged in the same way. For example, let them 
take the hind-pair of legs of a grasshopper and of a water- 
beetle. It will be instinictive to observe how difiercnt these 
two kinds are, and how admirably one is adapted for jiimp^ 
ing, while the other is so perfectly fitted for a paddle. By 
making compai'ative collections of this kind tlie pupils will 
learn a great deal regai'ding the strnehire of insects. 

68. The pupils have thus far learned that a true insect 
has the body divided into regions called the head, thorax, and 
abdomen ; that the head bears the mouth-parts, antennas, and 
eyi^. The thorax has the lege and wings, while the abdomen 
has only the caudal or tail appendages, and tliese are not 
often apparent. They have also learned that the thorax is 
made up of three segments, not often plainly mai'ked, while 
the abdomen is composed of a greater nnmber of segments, 
in most cases very plainly apparent. As each segment of 
the thorax is characterized by having attached to it a pair of 
appendages, and as the head contains a number of append- 
ages, it is believed by many naturahsts that an insect's head 
is composed of a nnmber of segments, so closely merged 
together, however, as not to be distingnished, except theo- 
retically. As naturalists, however, differ in their estimate of 
the number, we will leave this difficult problem for more 
advanced students to study. 
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CHAPTER X. 



OKOWTH OP INSECTS. 



69. As the study of the growth of an insect, from the 
^g to maturity, requires some time and considerable care, 
the different stages of such growth may be described and 
taught with what examples the pupil may be able to collect. 

An afternoon may be spent exclusively in collecting the 
foUowuig objects : 
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In tlie spring and fall tlie egge of tlie eaiuier-worin moth 
niay be found in abundance on fences and trees in cities. 
They are very minute, and are foimd in clusters arranged 
like atones in a pavement, but with greater regularity. With 
a sharp knife a shaving of wood may be cut off, taking the 
eggs with it. (See eggs in Fig. 11, K) 

If they are collected in the spring-time, little worms will 
hatch from them in the course of a few weeks, and these 
may be fed on the young leaves of the elm-tree. 

Eggs of other insects may be f oimd on fences, leaves, and 
twigs of plants ; also on the leaves of the squash-vine, and 
other plants in the gai-den. 

Certain egga may be found upon the twigs of apple-trees, 
covered with a shiny coating, like vai'nish. For all these ob- 
jeefs the pupils will have to hunt carefully, as only the keen- 
^t eyes will lind thein out. 

70. CaterpiUars and gi^hwonns are found everywhere, 
so eonnnon indeed that the pupil has only to examine the 
fences as he goes to school to secm-e some. For certain 
kinds of grub-worms, he may dig in the garden, foUow 
the furrow made by a plough, or tear the bark from 
some dead ti'ee, and discover the specimens he is in search 
of. For chrysalides and comom the pupils may be di- 
rected to search on old garden-fences, under stones and diy 
boards. 

Some chrysalides will be found hanging with the krge end 
downward, as in Fig. 72 ; others will be found suspended 
by the small end, with a delicate thread around the middle, 
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; the chrysalis horizontally, or vertically, against t!ie 
fence, as in Fig. 80, G. 

Some of them are encased in a mesh of threads, which 
may be built against the fence, or under the edges of clap- 
boards on the sides of houses. And within the cocoons col- 
lected, the chrysalides, or their empty cases, will be found, as 
in Fig. 73. 




Eich collecting-places may always be f oimd on old garden- 
fences in cities and towns. Fences siiiTonnded by ti'ees and 
bushes will oftentimes have a great many insects lurking 
tinder pixyjecting edges — caterpillars climbing up the posts, 
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and cliryealides attached to tlie rails of the fence. Fig. Ti 
shows a portion of a fence of tliis kind. 

"With the eggs, caterpillars, and dirysalides on hand, the 
pupils are ready to study the life-history of an insect. 

1i . Many animals, as fishes, snakes, and birds, lay eggs, 
and from these eggs little creatures are hatched that resem- 
ble the animals which laid the eggs, 

Insecta also lay eggs, but from these eggs come little 
creatures which do not at all resemble the insect that pro- 
duced them. 

The different kinds of eggs collected by the pupils were 
laid by insects of different kinds. For example, if they ha?e 
collected eggs like the following (Fig, Y5), the insect that laid 
them was a moth, and looked like Fig. 76. 





Fib. 78.— Isbhot 



Now, if the pupil will keep these eggs in a box, there 
will hatch from them little animals resembling worms, very 
tiny at lirst, but growing rapidly if supplied with appropnate 
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food. Insects generally lay their eggs in such places that 
the worm, or caterpillar, coming from them can easily find 
access to its proper food, and this food in the case of most 
caterpiUara consists of leavee, or tlie wood, bark, or juices, of 
plants and trees. 

72. Commencing with the egg, the pnpil should get, if 
possible, the insect while in the act of depositing her egga, 
and this wiU not be difficult to do in the case of the canker- 
worm moth, whoso eaterpilki-s commit such ravages upon 
the elm-tree « 




H MOTK. ElKB, A' 

LerEgga, 6/ e, Top-Vfew, and ASiflo-View of »n Bgg mngniflea; e, Oaniet-wmm eat- 
ing Its -wnyont of the Egg, magntfiel; /, MsgnMedTiew of Cfinker-ivorni ; (/, Natural 
SiseofCanker-worm after leaving (lie Egg; ft, Male Oanker-womi Molli. 

The female of the canker-worm moth has no wings, 
They are very common in early spring and in the fall, lay- 
ing -their eggs on fences. Fig. 77, a, represents the female 
moth depositing the eggs ; &, the eggs being deposited upon 
a chip which was cut from a fence while the female was at 
work ; c, represents a top view of one egg magnified ; d, 
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represents a aiile-view of tlio same egg ; e, represents another 
egg with the canker-worm eating its way out ; _/, represents 
the canliei'-wonn highly magnified, after it has crawled out 
from the egg ; ff, shows the natural size of the worm ; h, 
shows the appearance of the male canker-wonu moth. The 
female moth which is laying the eggs difEers from the 
male in having no wings. 

Now, if fresh elm-leaves are placed in the box with the 
woi-ms, they will commence to feed on them. The e^s 
hatch ont just as the leaves commence to grow, and con- 
sequently the yooiig worms have tender leaves to feed on 
at the outset. 

The woi-m grows rapidly, and after a few weeks ceases 
feeding, and, dropping to the gi'ound, or lowering itself down 
by a thread spim from the head, bin-ies itself just below the 
sui'f ace of the ground, and there changes into a chrysalis, form- 
ing a rude cocoon of earth about it. At the proper time 
there comes from the chrysalis a male canker-worm moth 
with wings, or a female canker-wonn moth without wings. 

73. From the eggs, then, come worms or caterpillars. 
The worms or caterpillara change into chrysalides, and some- 
times these are inclosed in cases or cocoons. From the chrys- 
alides comes the perfect insect, similar to the insects which 
fii'st laid the eggs. 

If it is desired to keep the caterpillars aUve, the pupil 
should try to find them when they are feeding, and to ob- 
serve the kind of leaf they are eating, and then, by giving 
them fresh leaves of the same kind as they need them, the 
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eaterpiHare will grow rapidly, and ultimately change into 
clirysalides. It is a common thing to see boys collect cater- 
pillare and place them in a box, with grass to feed upon ; the 
grass dries, and of coui'se beeoiiiea unfit for food, and even 
if it were fresh the caterpiUai' would not eat it, unless it were 
its natural food. If tlie pupils wish to raise caterpillars, 
they must be sure and f umisli them with the kind of leaf 
they are accnstomed to feed upon. It may be an elm-leaf, 
or a cabbage-leaf. Thus, there is a common worm which 
they will find feeding on the leaves of the Tartarian honey- 
suckle, as in I'ig. T8, To raise this worm, therefore, it is 
necessary to furnish it, from time to time, with the leaves of 
this honeysuckle. 



(Copied from flgiirc by J. H. Ei 




Guldo to the Study of 



In its growth, the caterpillar usually sheds its sldn three 
or four tunes. 

After the caterpillar has become full-grown, it stops eat- 
ijiEr, and crawls about in a restless manner. 
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In the summer and fall, various kinds of catei-pillars are 
seen crawliDg over tlie sidewalks and along fences. They 
are not now searching for food, but are seeking an appro- 
priate place where they can change into the chrysalis state. 

From the long, active, and often devastating catei'pillar, 
having three pairs of small le^ in front, and other pairs of 
blunter legs behind, the creature gradually changes into a 
body, blunt in front, tapering behind, with no indications of 
legs, head, or any of the appearances seen in the caterpillar, 
except that the hinder pai't stiU shows the division of that 
portion into rings or segments as in the caterpillar, and signs 
of life are still manifested by this portion moving from side 
to side, when touched. Many caterpillars spin a case or co- 
coon, as it is called, in which it incloses itself previous to 
changing to a chrysalis. The thread with which they make 
this case issues from a little tube in the lower part of the 
mouth or labium. Silk is made from the thread composing 
the silk-worm'fi cocoon. 



a 



f\ 



li. Fig. 79, A, shows the liindcr portion of a chrysalis- 
:iu, the insect having escaped from it, and the forward part 



Hosted =vGoogIe 



GROWTH OF INSECTS. 79 

having fallen to the ground. The ehryaalis is seen suspended 
by the tail, and is held there by little hooks on the end of 
the taU, which become entangled in a sort of web previously 
made by the caterpillar ; B and O represent different views 
of the ehrysalis-tail enlarged so as to show the hoots. Pupils 
will be sure to find these empty chrysalis-sldns attached un- 
der the projecting portions of fences. 



V> change into a ChiyaoUs; B, Jnst Kody to Bhed its 
leBand toliolditiip; « Clirjaalis ; i), Bntterfly just 
% jii«t being unfolded. 

Kg. 80 shows different stages of a cabbage-worm, from 
the worm stage to the chrysalis stage : A, representing the 
worm as it assumes a position under the projecting edge of 
a fence ; _B, after it has supported iteelf round the body by a 
delicate thread, 5, and attached itself by the tail at the same 
time ; and, C, representing its complete chrysalis condition ; 
Dy shows the butterfly just escaping from the chrysalis, the 
wings still being i-umpled. After having escaped from the 
chrysalis, the butterfly generally chngs to the empty ease till 
the wings have expanded and dried, when it flies away. 
Fig, 80 represents a cabbage-bntterfly introduced from Eu- 
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rope, and now commou in certain parts of ITew England. Its 
wings are yellow, with two blackish spots on the forward 
wing, and one on the hinder wing. The clirysalides of this 
species are very common on fences, and, when collected in 
the fall, may be kept through the winter. During February 
and March the butterflies wUi come out, and these may be 
fed on honey or sugar mixed with water, and in this way 
may be kept alive for some time, 

75. The caterpillar, then, having changed into the chrys- 
alis, remains in this condition a few weeks, or even many 
months, and then the skin slowly cracks open, and out crawls 
a creatui"e no longer like a caterpillar, but having three pairs 
of long, jointed legs, the body divided into tliree very distinct 
■regions — the head, thorax, and abdomen — the thorax having 
wings, and the head furnished with long antennse, and pro- 
vided with mouth-parts suitable for sipping nectar, and no 
longer like the heavy jaws of the caterpillar, suited only to 
chewing coarse leaves ; in short, a creatui-e resembling the 
insect which first laid the eggs from which the caterpillar 
came. 

T6. Other names are given to these tliree stages of an 
insect. The worm, or catei-pillar, is called the Icerva ; the 
chrysalis is called the^e^i^/ while the perfect insect is called 
the imago. These terms are necessai^, for without them 
the proper condition of an insect could not be easily de- 
scribed. 

Take, for example, the catei-pillar stage of a butterfly: 
tho same stage in a common f!y is tnown by the name of 
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3t, and in other insects the same conditions are laiown 
by the name of borer, grah-worm, and many other terms. If 
the pupil learns that all these various names describe a simi- 
lar stage in the lives of these insects, it is much more con- 
venient to have some general term describing all these stages, 
such as larva, or larval stage. 

17. While most insects pass through clianges similar to 
those above described, there are othere, such as the grass- 
hoppers, crickets, roaches, and hu^ proper (a group of in- 
aecta which includes the squash-bug, chinch-bug, and bed- 
bug, all of which have a disagreeable taste and odor, and 
to which naturalists restrict the name of bug), which do not 
pass through a caterpillar and chiysalis state. The yoting 
hatch from the egg, and closely resemble the adult insect, 




[Q. 81.— DiFrEBEsr Staofs of the 
after ITrat Monlt ; 4, Larv 
[TlieBe figures are copied from the Serenth Annual Eeport 
late Entomologist of Missouri.] 



i: 11, Egg; ft.Newly-hatehodLnrva; o, Larrs 
id Moult; e, Pnpa ; /, PertSrt Inaeot 

C. "V. Riley, 



except that it has no wings, and is of course much smaller 
than the parent. In its growth it moidts or sheds its skin, 
and each moidt reveals its wings more advanced in growth, 
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till finally, ou tlie last moultj it attains the size and f 
of the mature insect. And even in this growth, eo unlilfe 
the moth and butterfly, the terms larva and pupa are apphod 
to certain stages of their history. 

The foregoing figure represents the egg and successive 
stages of the chinch-bug, an insect which has been so de- 
structive to various crops in the West. The figures are all 
enlarged ; the little line at the lower left-hand side of each 
figure represents the natural size. 

78. Many insects, as the beetles, flies, moths, butterfiies, 
bees, and wasps, pass through complete and distinct changes 
from their early condition to matmity, as above described. 
Other insects, as the grasshoppere, ciiekefcs, roaches, and 
bugs, hatch out from the egg, as little six-footed insects, 
and not as worms, and in their growth do not pass through 
an maoiiveptipa or chi-ysahs stage, but slowly acquire wings, 
and ultimately attain f idl growth as above stated. Hence 
these changes are not so completely defined as the changes in 
the bisects first mentioned. For this reason the temi com- 
plete iiietccmorphosis is used to define the mode of growth of 
the beetles, flies, and other insects having a similar mode of 
growth; while the term incotryplete metamorphosis defines 
the mode of growth of the grasshoppers, crickets, and others. 

79. Many of the larvje of insects look like worms — so 
much so, indeed, that they are commonly called woi-ms, such 
as cut-worms, canker-worms, currant-woi-ms, and the like. 
The pupHs have learned that these are not true worms, but 
only the larva! condition of certain insects. 
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True ■worms, however, never change into any thing else. 
Such, for example, is the earthworm, hair-worm, and leech, 
and wonns which live in the sea. 




These worms, and other true ^oimB j^eneiill^ speiking, 
Imve the body divided into a gieit miny segments oi rings, 
as in the earth-worm. In the larv? of inse^'tB on the con- 
trary, the segments are limited m numher With few ex- 
ceptions the larvffi of insects have legs and these legs m the 
fore-part of the body are jointed In iioimf lointed legs do 
not oeeoT, The jointed legs of the larvfe number three pairs, 
and are on the tliree successive rings back of the head, and 
consequently correspond to the three pairs of legs in the adult 
insect. 

In certain larvfe other legs occur, but these are not jointed, 
thougli often having special structures at thoir extremities, 
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by which they are enabled to cling. These ai-e called -prop- 
legs, or fiAse legs. 

It would be well for the pupile to collect some leeches and 
earthwormSj and, if they live near the aea-shoi^e, a few worms 
may be collected under stones at low tide. 

Having collected these, let tlie pnpila corapai'e them with 
the larvEe of insects. 

As the larva of an insect comes from the egg, it has its 
full number of segmente at the outset. In the lai'va of a 
butterfly, for example, there may be counted, besides the head, 
twelve segments or rings, and this number does not increase 
as the creature grows, but remains constant ; and, as we have 
already learned, the creature does not long remain in its 
worm-like stage, but assumes other conditions, ultimately be- 
coming a creature unlike, in form and habits, the larval con- 
dition in which it spent a portion of its life. 

80. The true worm, on the contrary, comes from the egg 
with a very Hmited niunber of segments, and as it grows 
new segments ai-e formed, till in some worms as many as 
four or five hundred segments are developed before the ani- 
mal has attained mature proportions, and in this condition 
it i-emains ; that is, it is complete, never changing or passing 
through larval or pupal stages to develop into something 
quite unlike the wonn. 

Briefly, then, a larva may be distinguished from a true 
worm genei-allyby its limited number of segments, and, when 
supplied with legs, havuig tkree pairs of jointed ones on 
the anterior rings of the body. 
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"With few exceptions worms live in the water, and even 
those which live on the land are limited to damp earth or 
moist places. While the larvEe of insects are in many cases 
aquatic in tlieir habits, and breathe or respire by means of 
gills, the lai'ger nmnber live on the land, feeding on leaves, 
wood, and substances of a similai' nature, and are air- 



OIIAPTEK Xr. 

HABITS AND STEUOTUKB 01' raS]i;OTS, 

81. Let the pupils now endeavor to study the habits of 
certain insects by dii'ect observation. The following sketches 
are given as aids to the pupils in making independent obser- 
vations on special insects. 

Most insects make no provision for the larvae, but leave 
them to take care of themselves, though usually the egg is 
deposited where the lai'va coming from it may find propei- 
food at hand. 

Other insects prepare cells or cavities in wliich they de- 
posit their eggs, just as a bii-d builds a nest to hold its eggs. 
Certain insects, in preparing these cells, also lay up a store of 
food ready for the larva when it shall have hatched from the 
egg. Such is the ease with the common mud-wasp. This 
insect makes a number of little chambers of mud, generally 
sticking them to the sides of a wall, or to the ceilings of sheds, 
barns, and attics. These pellets of mud are seen iirnily plas- 
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tered to the wall, rough and irregnlar in appearance, and at 
first sight might he mistaken for tlie work of some mie- 
chies'oiis boy. 




Pig. 64 represents their general appearance, for, rough 
as they appear, on dose examination they are seen to be 
constrncted very systematically — the soft day of which 
ihey are built being laid on in alternate layers, looking 
something like a braid ; while the upper portion, being built 
of looser and coarser material, is put on in ii-regular lumps. 
With a thin-bladed knife these mud-cells may he scraped off, 
and sometimes can be pulled away with the fingers. Upon 
opening them they will be found either filled with little 
spiders, or containing yellow-colored larv^, pupae in brown 
skins, or wasps. Their history is as follows ; 

82. When the mother-wasp gets ready to lay her eggs, 
she first builds these curious nests of mud, which she collects 
from the streets, or by the sides of brooks in clayey soil. Hav- 
ing finished one cell, she deposits therein an egg, and then 
collects a number of small spidera with which she completely 
fills the cell. After this is done she closes up the top of the 
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cell with looser mud. Thus she proceeds, constructing cell 
aiter cell, going through the same mainBuyres with each one. 
It has been observed that the wasp stings the spiders so 
as to paralyze, but not to kill them. Hence they remain 
alive but cannot straggle, and when the egg hatches the 
little larva coming from it finds in these spiders a store 
of food on which to feed. These are gradually eaten, and 
thus room is made for the rapidly-growing larva which, hav- 
ing eaten all the spiders, passes into its pupa state sun'oimded 
by its brown chrysalis case, and finally emerges a perfect 
wasp, when it softens the mud-walls of its nest, by a tiuid 
poui-ed from its mouth, and gnaws its way out. 




Fig. 51 shows one of these mud-wasps pinned. 

The pupils may collect these nests or cells in April or 
May, and by Jnne the wasps will be ready to come out. If 
collected soon aftei' they are made, the eggs may be found ; if 
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a little later, the larya will he fotmd feeding on the spiders ; 
and, still later, the full-gi-own larvae and papa appear. 

In collecting for the cahinet, one nest should be ent open 
to show the cells and their contents. 

83. The mosquito deposits her eggs on the surface of the 
water, sticMng them together in such a way as to form a 
raft. Trom these eggs little black creatures hatch, which 
swim about with a quick, jerking motion. In this condition 
they represent the larvse. If the pupils will examine pools 
and ditches, or even the tubs and barrels of water which often 
stand about farm-houses, they will be very sure to find some 
of these animals. They arc small and black, and by their 
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rapid, jerking motion cannot be mistaken. A number may 
be collected and placed in a jar of water, where all their 
changes, from the larval to the perfect state, may be watched. 
They will he seen coming to the sin-i'aco of the water foi" air, 
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-which they breathe in through openings in the hinder part 
of the body. Changes soon take place by which they aa- 
eume the pupa state, and at this time they no longer breathe 
through the hinder portion of the body, but through two 
tubes on the back of the thorax. Finally, the pupa! skin ci'acks 
open, and out crawls the perfect mosquito, for a while rest- 
ing on the empty pupal case which floats in the water like 
a raft, and the insect remains supported in this way till the 
■wings become fully expanded and dry, when it flies away. 



CI-IAPTETl XII. 

HAEITS AND STEUCrUEB OF INSEOTS (cONTmUEo). 

8i In ceitam gronph of inserts the joung hitches from 
the egg, not as i caterpillii, but as a bttle insect having the 
body <hvided into thiee regions, posse^8ln^ thiee pairs of 
jointed legs, md looking ^ ery mn(,h like the m'vtme insect, 
cvccpt tint it n ^ei> muth timllei and hi'^ no Min^'^ 



In the grasshopper, for example, the animal does not pass 
through a series of abrupt changes, but the creature comes 
from the egg with the general proportion of the adult insect, 
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save that it has no wings, these gi'owing gradually as the 
creatiii'e increases in age. Fig. 87 represents a young grass- 
hopper with the wings just appearing. At intervals, the in- 
sect sheds its skin, or itwuiis, the wings eontinuallj increas- 
ing in length until mature size is reached. 

Let the pupils endeavor to collect some young grasshop- 
pers representing various stages of gi'owth, and place these 
in their collections b^ide the fvdl-grown one. 

By searching in the grass, the caet-ofE skins of grasshop- 
pers may be occasionally found still clinging to the speara of 
grass, where they were left when the grasshoppers shed them. 



la. 8B.— Cast-off Shib of a GuAEaHoppnu.— The grjisslioppcc hns elieil ils skin 
elli«!i« io ft Wide of grass. ThosBaia Impetfeol, the ButeuiijeDiiaijartsutitaliif 
broken ; tlie abilomBa is shriveled, ana does not sliow. 
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Fig. 88 shows the appearance of one of these cast-off skms. 

85. Grasshoppers ai'e often infested with parasites. Fi'e- 
quently the gi'afishoppers, in a Eiekly condition, are met with 
chnging to the grass, or buslies. A carefnl examination of 
them will show a number of little bright-red mites crawling 
on them, or attached near the base of the wings, and evi- 
dently the cause of their weakness. 

Curious cases have been found wherein these creatures 
had met with fatal accidents. In their headlong fall to the 



Fin. SS.— OaABSHOi 




ground, after one of their reckle^ jumps, they are liable to 
have their annor pierced with the dried spears of grass. Pig. 
89 represents a grasshopper which had been pierced in this 
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way, the dried point o£ the grase probahly striking the head, 
and then glancing ofE, and entering between the head and 
the thoi'ax. 

86. In studying the early stages of the moaqtiito, it was 
found that at the outset the animal breathed air through an 
opening in the hinder part of the body ; that soon after this 
the opening closed, and air was taken in by two openings on 
the back, but in no case did tiie insect breathe through its 
mouth. In the perfect insect, as well as in most larvffi, there 
are little openings along tlie sides of the body. These little 
openings communicate with tubes which branch, and sub- 
divide again and again, sending their little air-twigs into 
every part of the body, even into the legs and the veins of 
the wings. These little tubes represent the lungs of an in- 
sect. They neceswarily render the body very hght besides. 




leslioppei' wJrli the wings and two lundei' pi^'s 
iga Id the Bides of tha body which eommn- 
™, ahowlng wLete the wings Here nttnclisd ; 
Madiea ; a, spiniola on thorax ; *, tympimimi. 



In large insects like the grasshopper the minute openings 
in the sides of the body can be plainly seen without the aid 
of a glass. The segments of the abdomen have each a little 
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opening, which is represented in the figure ; and where the 
abdomen joins the thorax, a cavity lined with a delicate ekin 
will he found, which is called the tympaTHum, and is supposed 
to be an organ of hearing. If the softer parts withui the 
body of an insect be removed and slightly compressed be- 
tween two pieces of thin glass, the air-tubes, looking like fine 
white threads, may be seen with an ordinaiy pocket-lens. 

The air-tubes are called traeJiece, and the openings on the 
outside of the body which communicate with them are called 



87, Insects breathe by dilating and contracting the ab- 
dominal segments. The act of breathing can be plainly seen 
in the grasshopper or the honey-bee, and it will be noticed 
that after violent exercise, aa in a long flight, the insect 
breathes more rapidly than when it has been at i-est for some 
time, just as a boy after running finds himself compelled to 
breathe rapidly for a while. 

After violent exercise the insect gets tired and resls. Bees 
may often be seen, after a long flight, to alight in the grass 
near a flower, and for a while appear so fatigued that they 
cannot reach the flower, but remain breathing very rapidly. 
Insects have curious ways of resting and sleeping, A species 
of wasp has been observed soundly sleeping while holding on 
to a blade of grass by its jaws alone, the fore-legs just touch- 
ing the grass, while the body and the middle and hinder 
pair of legs were hanging downward, and not bearing against 
the grass at all, as shown in Fig. 91. 

88, In this connection it may be well to allude briefly to 
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the manner in which the various sounds emitted hy insects 
ai'e made. It is obvious that the vibration of the wings pro- 
dtiees the loud buzzing sound made by certain insects. Bnt 
there are other sounds which are traced directly to the 
effect of the air rushing in and out of the spiracles, and 
impinging on certain plates whose ahai'p edges border the 
'spiracle. The experiment has been made of closing the 




spiracles with varnish, when aU noise ceased. It is believed 
that the mosquito produces its remarkable tones in this way. 
Such noises have always been associated with the vibration 
of the wings, because the noise seems to be made when the 
insect is flying, but the cause of this is explained by sup- 
posing that the violent muscular action of moving the wings 
also causes the air to be violently thrown out of the spiracles, 
and as a proof of this it has been found that cutting off the 
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wings of such an insect, while modifjing the sound, by no 
means prevented it being made ; and it is a fact also that no 
sound is produced by other insects whose wings vibrate with 
great energy. 

8&. The peculiar cliirp of the cricket is made by the fore- 
wings bemg rubbed rapidly against the hind-wings upon 
which they rest; one of the large veins in the fore-wing 
being thickened and notched like a file, and the wing itself 
acting as a resonant body in augmenting the sound. The 
males, only, make this sound ; the females are silent ; and if 
the fore-wing of the female be examined, the vein in ques- 
tion is not thickened, nor is it rough, like a file. 

Mr. "Samuel H. Scudder has stated that the grasshop- 
pers produce their sound, or stridulate, in four different 
ways : " 1. By rubbing the base of one wing-cover upon 
the other, using for that purpose the veins running through 
the middle portion of the wing; 2. By a amilar method, but 
using the veins of the inner part of the wing ; 3, By rub- 
bing the inner surface of the hind-legs against the outer sur- 
face of the wing-covers ; and 4, By rubbing together the 
upper surface of the front edge of the wings and the under 
surface of the wing-eovera. The insects which employ the 
fourth method etridulate during flight — the others while at 
rest. To the first group belong the ci-ickets ; to the second, 
the green or long-homed grasshoppers ; to the third and 
fourth, certain kinds of short-honied or jumping grassliop- 
pers." 

90. Harris, in describing the thii'd method of stridulation. 
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says that " their inatmments nmj rather be likened to vio- 
lins, their hind-legs being the bowa, and the projecting edge 
of the wing-eovei-s the stringe," and adds that when a grass- 
hopper begins to play " he bends the shank of one hind-leg 
beneath the thigh, where it is lodged in a furrow designed 
to receive it, and then draws the leg brisldy up and down 
several tiraee against the projecting lateral edge and veins of 
the wing-cover. He does not play both fiddles together, but 
alternately, for a little time, first upon one, and then on the 
other, standing meanwhile npon the four anterior legs and 
the hind-leg whieli is not employed." 




magnmed, shoBing EldgB of Fine Teeth on ihe InaWe of He 
Leg, moi'liea n, by whicli tlio Insecl raspa flieWing; 6, c, Diffeitnt Vlows of Eidge nt 
Fine Teeth, highly mognifiea. 

A figure is here given of the hind-leg of a common grass- 
hopper, showing the row of minute teeth which occur on the 
inside of the leg, and which are drawn aci'OBS the edge of the 
wing. The pupils may imitate the sound thus produced by 
drawing a coarse file, or tlie teeth of a comb, rapidly across 
the edge of a stifE sheet of paper. 
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CHAPTER Xni. 

HABITS AND IPOCTIPI (T IHSECT"- ( NTI\UED). 

91, A LrnxE 1 ijf iUpI tl e t eehju t;i ]iis a peculiar 
history in its youi s; btite The egg? of <jiitiiii species are 
laid in the gronnd md as soon ib these hiteh, the yoang 
ones crawl up the stems of grass and pieicint, the grass with 
their mouth-parts, CLimnenee to suoh the juices contained 
therein. While this action is going on, a clear, watery fluid 
escapes from certain pores in the body, and in a short time 
the young insect ia completely immersed in it. As it is 
obliged to breathe air, it secures this by turning up the 
hinder part of the body, and by means of little appendages, 
clasping a bubble of air, which then flows along the under 
side of the abdomen ; here it is taken in through the spira- 
cles. The air having been so used, is allowed to escape in 
the fluid in which the insect is immersed. This operation 
is repeated over and over again, fr^h hubbies of air being 
thus secured, and then escaping in the fluid. After a while 
the fluid becomes filled with these httle bubbles, wMcli soon 
convert it into a frothy substance, and this is the origin of 
the white flecks which occur so thickly on grass, and which 
is here commonly called frog-spit, and, in England, cugIcoo- 
spittle. 

92. There are certain insects belonging to the same group 
which are aquatic, and whose young come to the surface of 
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the water, and in the same manner secure air. So this little 
tree-hopper, ■while in the young state sucking the juices of 
grass, and completely immersed in a watery fluid, may be 
looked upon as an aquatic larva during this stage. 




Let the pupils collect and examine this fi'otli, and, by 
carefully wiping it away, they may expose tiie young insect 
fastened to the grass. 

93. The insect called the seventeen-year cicada, or seven- 
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teen year locust as it is improperly called, has an interesting 
life-history, 

Tlie perfect insect is shown in !Fig. 95. They may be 
known by the peeiJiar lond, buzzing eound emitted by the 
male. This sound can oftentimes be heard at a great dis- 
tance. 




The seventeen > ell c cadt is fonnd raiely m Southern 
New England, but 19 common m the Southern and Western 
States. This species exists m gieat numbers, and does 
immense damage to the tiees which it infest The female 
deposits her eggs m the twi£,& ind smaller branches of 
oalis. Little furi'ows -ae made m the twig side by side, and 
into these fnrrows the egga aie laid. The leaves wither 
on the trees from the injuries inflicted in this way, Lif^ 
tie insects hatch from the eggs, enti;fely different in appear- 
ance from the parent ; and these, running to the end of the 
twig, fling themselves off, and falling to the ground dig 
their way down, till they come to some root upon which 
they fasten, and with a piercing sting sncli the juices of 
the root. Here they remain for nearly seventeen years, 
slowly growing. At the end of that time they assume the 
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appearanee represented in Pig. 96. At the proper time they 
crawl out of the ground, and their skins splitting open along 
the ba«k, out come the perfect insects, with wings and all 
complete, to fly away, lay their eggs, and devastate the 



There are certain species which do not occur in such 
numbei's, and which pass through all their changes in a sin- 
gle year. The cast-ofE skins of the pupa of such species may 
be often found clinging to apple-trees and fences in New 
England. 




The pupils should, if possible, collect a twig in which 
the eggs have been deposited, a pupa-skin, and the perfect 
insect. 
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(CHAPTER XIV. 

IIAIilTS AMD STEUOTCKE OK INSECTS {cOXCLDDBn). 

94, Tub May-fl.y, or Ephemera, is one of the most com- 
mon insects in the "Western States. They live only a few 
weeks in, their perfect state, oftentimes but a few days. 
Their eggs are laid in the water, and the larvse live hi the 
water two or tliree years. At the end of this time they 
come to tlie siu-face in immense numbers, and, shedding 
their skins, come ont as winged insects. At this time they 
! their perfect state so closely, that the name siih 



(E«l 



70 by J. 




InatltntLon.) 



vmagos is given to them in this condition. They often fly 
a considerable distance from the water, alighting on the 
ground and trees. Here tliey again shed their skin, and 
then have attahied their perfect state. 
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Th^e insects occiu' in prodigious numbers in certain 
irte of the world. In some regions of Em-ope they ai'e so 




Fig. S3,— Ephiuuba, 



ahundaiit tliat the inhabitants collect them in lieaps, and nse 
them as dressing for the land. In tlie cities bordering the 
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great lakes it ia a common sight to see the gas-posts and 
adjoining buildings blackened by the mjriads of Ephemera 
which have been blown in from the lakes and have been at- 
tracted bj the lights. The following figure represents a 
gas-post, in Cleveland, Ohio, as it appeared with Ephemera 
clinging to it: 




95. Another group of insects somewhat resembiing the 
Ephemera pass their larval state in the water. 

Some of their larvis are called caddis-'morrns. or case- 
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woiin iiid aiG 11 closed in cases of cylindrical and other 
sbipe"- ihese Tie variously made of grains of sand, bits 
cf bilk ind BtiLliS ind other fragments of convenient size 
cemented together. Some of these cases, built of small 




grains of eand, looli Hire coiled snail-shells. Other larviie 
shelter themselves in bits of straw, or the fragments of 
hollow sterna of plants. 

Fig. 100 represents the larva of one of these insects in 
its case, which is made of bits of stiel^s aiTanged in a spiral 
course. The larva drags about this case, and as it gi-ows col- 
lects material for the enlargement of its tube. 

In ahnost any quiet pool or i-mming stream these curious 
eases may be found, containing the larvEe within. 



96. The curious round balls called gall-nuts, which are 
found on the leaves of the oak and of other trees, ai'e pro- 
duced by an insect called the gall-fly. 

"The eggs are deposited in the substance of the leaf, and 
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it may l>e that the lai'va, by ita presence there, causes the 
Tmnatiu'al growth of the leaf, resulting in a wart or tvunor, 
and sometimes in a large round nut. It is believed, however, 
that the adult insect, in depositing the egg, also stings the 
leaf, and, poisoning it at the same time, induces the ab- 
uoi-mal growth of the leaf. Within this the larva feeds. 




and changes into the pupa state, and tiiiallj into the perfect 
insect, when it gnaws its way out. 

In the axitxunn the pupils will find the gaU-nuts abun- 
dantly in the woods. Let them collect a number of these, 
and, on carefully cutting them open, they will find within a 
tiny oval case, and upon opening this they will discover 
snugly stowed away a little, polished black fly having four 
wings. I'lie creature wlien liberated is ready to ily away. 
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Some of the iiwts will be empty, because tlie gall-insects 
liave already escaped. 

Galls are also produced, by insects not at all like tlie iet- 
neumon. The following figure, which I'epresente a gall com- 
mon on the golden-rod, ie produced by a two-winged fly. 
The figure represents the stem or stalk unnaturally swollen, 
the swollen portion being the gall, within which the larva, 
pnpa, or perfect insect, may be found if the creature has not 
ah'eady escaped. 







Let the pupils aiTange in their collecting-box a leaf with 
the nut attached, a nut cut open showing the pupa-c^e, and 
the insect pinned, 

97. Only a few brief lessons have been given represent- 
ing the life-history of a butterfly, mud-wasp, mosquito, spit- 
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tle-inBect, seventeen-year cicada, May-%, and gall-fly. Let 
the pupils endeavor from their own observations to make 
additional hfe-historiea, or recoi-d facts, concerning other 
insects, such as the honey-bee, paper-wasp, and a great many 
other common insects, of which no mention has been made 
here. The turning over of stones and logs in the woods 
will oftentimes expose the buiTOwa of ants, and the anta 
will probably be found busily engaged in carrying ofE long, 
white, oval cases, which look like eggs ; let the pupils collect 
some of these, and see if they can find out what stage in the 
history of the insect they represent. 

98. An instinct which appears wonderful to us, prompts 
the insect to seek appropriate places for the deposition of 
her eggs. The butterfly, for example, seeks for food 
the nectar of flowers; its larv^, however, must have 
leaves upon which to feed, and the instinct of the butterfly 
impels it to deposit its eg^ in a place where the young 
shall find their appropriate food. It has been learned 
also that other insects store up animal food for their 
young, as in the case of the mud-wasp, where spiders are 
imprisoned in cells in which the eggs have been previously 
laid. 

The gall-flies deposit their eggs directly in the substance 
of the leaf. 

99. Another gi'oup of insects, much resembling the gall- 
flies, deposit their eggs directly in the bodies of the larvEe 
and pupfe of other insects. They are called icJwieumon- 
fiiea. These inseota have on the hinder part of the body a 
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sliarp, piercing sting, and with this organ tho necessary hole 
is made thi-ough which the egg is deposited. 

A caterpillar soon hatches from the egg thus deposited 
hy the ichnenmon-fly, and feeds upon the fatty portions of 
the body of the larva in which it has been so placed. But 
this larva containing the ichneumon-caterpillar, meanwhile, 
completes its growth and changes into a chrysalis, when the 
indoaed ichneumon-larva devours the entire contents of the 
chrysalis, and then changing into the pnpa state soon emerges 
as an ichneumon-fly, to go in qui^t of catei-pillars, in wliicli 
to deposit its eggs. Thus it will often Iiappen that a num- 
ber of cocoons have been collected, from which ought to 
appear a certain kind of a butterfly, for example, but from 
many of them a brown ichneumon-fly will emerge, a sight 
quite as startling, to one not familiar with insects, as if a 
robin should be seen to liatch from a hen's-egg. 

If the pupils will collect from the fences a large niunber 
of the chrysalides of the common yellow cabbage-butterfly, 
and keep them in' a box, with a piece of glass for a cover, 
they will observe that while a butterfly comes from many, 
from others, which have ah'eady changed to a lighter color, 
little black flies will appear, crawling out of a hole in the 
side of the chrysalis whicli had been made by some of the 
imprisoned ichneumons. {See Fig. 104.) 

100. Nearly every species of msect is infested with one 
or more species of ichneumons, which deposit their eggs 
either within the pupse, larvse, or the eggs themselves. 

There are some species of ichneumons which deposit their 
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oggs within the eggs of the canter-worm moth, and, as tiny 
as tlieee eggs ai'e, they are still large enough to furnish nour- 
ishment and room for the complete development of the 
insect feeding within. 

In Fig. 1i an ichnemnon-fly is shown on the wing, in 
search of caterpillars wherein to deposit her eggs. 

Fig. 67 also represents an iclineumon-fly of large size. 

Fig, 104 represents ichneumon-flies escaping from the 
chrysalis of the cabbage- woiTti moth. 



CHAPTER XV. 



101. Foe this lesson the pupils are to collect a number 
of spiders, securing, if pwBible, the largest specimens. A 
wide-moufhed bottle, with a little alcohol, will ; 
collect them in. Let each pupil select the lar 
to study, and pin it to a piece of cork, or to a soft pine strip. 
The legs are to be an-anged with two paii-s pointing forward 
and two pairs pointing backward, as shown in Fig. 105. 

Let them study the following characters with the speci- 
men before them : 

The spider is divided into two regions. That region or 
part to which the legs are attached is called the eephalo- 
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thorax. The hinder region ia called the abdoinen. Instead 
of having a separate head, as in true insects, the spider has 
its head and thorax combined, and hence this pai't ia called 
the eephalo-thorax, a compound word meaning head-thorax. 





J^B. 105,— Common Gakein apiiiiR,— j1, ns Boen from aliove; B, oa seen from lislow; ^^ 
I'alpl ; ni, Jluuaililes ; a. Bplrmeteta ti-om wiitli the apWei's Tlii'eail tones. 

102. The spider has four pairs of lege, inatead of three 
pairs of legs as in the true insects. Projecting in front are 
a pair of jointed feelers called falp, {see Fig. 105, p). 
These look very much like legs, and in very young spiders 
can scarcely he distinguished from them. 
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The mouth is armed with a pair of jaws which are at- 
tached above the month and hang down in front, at the 
end of which are the poison-fangs. With these tliey ai'6 
enabled to secure and kill the flies and other insects upon 
which they feed, TJie following figure represents the jaws 
or mandibles. 




Fid. IflT.— Fbokt Portion of Common Gaobeh Sttdeh gkeatly ex 
Palpi ; m, MondlblM \tl,a Portion of the First Voir of Legs, imd a 
Opbalo-thonix Ehowe, iritli Ui9 EigM Eyes upoD it. 



Directly behind the mandibles, are two smaller jaws, 
called maxillEG (see Tig. 108), which aid in crashing the food 
iind arranging it for the mouth. 




8PIIIEK.— The first J( 



The spider has eight eyes, situated on the front part of 
the cepbalo-thorax. They look like little black beads, and in 
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large spiders can be easily seen without the aid of a magni- 
fy ing-gl ass. 

103. The abdomen has little appendages at its hinder end 
called spinnerets, and from these the spider produces the 
thread with which it huilde its nests and nets, the nets being 
commonly called spiders' webs. 

Highly magnified the spinnerets appear as blunt protu- 
berances arranged together in pairs, and capable of being 
contracted or expanded. These spinnerets ai-e covered 
with bimdreds of jointed hairs which are perforated and 
through which the web-foiming material escapes. This ma- 
terial is fluid and something lite the white of an egg. 
Escaping from the body, through hundreds of these minute 
openings, the strands of this fluid dry almost instantly, and, 
uniting, form the delicate, yet comparatively strong, thi'ead of 
the spider. Thus it will be seen that the thread of the 
spider is composed of hundreds of strands, which may be 
often separated just as the fibres of a rope may be pulled 
apart. Under the microscope the posterior end of tlie abdo- 
men with the spinnerets looks like this. 
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104. As the thread isnues from the apmnorets, the spider 
guides it with its hind pair of feet, and these are curiously 
sidapted for the puqjose not only of holding and guiding the 
thread, but also of enabling the spider to run rapidly across 
its nets without getting entangled, while other animals be- 
come helplessly ensnared in attempting the same thing. 

The ends of the legs terminate in three claws, a pair of 
larger ones generally notched like a comb, and a third one 
like a spine which acts as a thumb. Other notched spines 
or hairs also aid in secni-ing a hold upon the web, and even 
if these fail to secm-e a footing, the leg itself is covered with 
long stiff bristles pointing downward whldi are sure to catch 
in the web. The two large notched claws, as well as the 
other claw and spines, are highly polished, and consequently 
present no roughened surface to which the thi'ead will 
adhere. 

The following figure (Fig. 110) I'epresents the end of a 
spider's leg magnified, showing the aiTangement of books 
and claws. 



105. By observing the spiders which build their nets 
ross the openings of whidows and in other convenient 
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places, and wlifle at work, thej may bo seen to use their 
liind-feet in apparently drawing out the thread as it were 
from the spinnerets. It wiU be observed that the thi'ead 
issues in a broad band, and, when these spiders are sluggish, 
their thread may be caught on the end of a pencil by gently 
rubbing the spinnerets with it, and then by withdrawing the 
pencil the thread may be reeled off. 

The various kinds of nets are adapted to entrap the 
spider's food, which consists of flies and other insects. 

Oei'tain kinds of spiders do not build nets, but go in 
search of their prey by stealthily creeping up and pouncing 
upon it unawares. 

It is a very interesting sight to watch tlie little black-and- 
white spider (so common on the sides of houses) slyly approat:h 
a fly which has alighted near it. If the spider is on the side 
of a window-sill and a fly has alighted neai' it, the spider 
instantly turns round, facing the fly, cautiously and very 
slowly moves backward, till it gets on the upper side of the 
window-siU and out of sight, when it rapidly approaches, now 
and then peering over the edge of the sill, to see where the 
fly is, and, finally getting directly above the fly, it gathers its 
legs for a jump, seeming its thread to the window-siU at the 
same time, and then with a sudden spring seizes the fly in its 
jaws. Sometimes the insect is much lai'ger than the spider, 
and flies away, with the spider tightly clinging to it; the 
thread, however, holds fast, though sometimes run out to the 
length of a foot or more. Soon the poison of the spider takes 
efiect, and the fly gi'adually weakens, and ceases its strug- 
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gles, when the epider carries it off to some iiool?, there to de- 
vour it. 

106. One of the most common spider-uets is like the one 
shown in Fig. 73. If the place selected is in tlie opening 
of a window or similar place, the spider first i-uns a few 
tlireada as a sort of framework, to which are to be aft-erward 
attached the radiating threads, that is, those which run from 
the centre of the net to the sides. Having aiTanged these 
so near together that the spider can easily reach from one 
radiating thread to t!ie other, the creature commences at the 
centre of the net, and runs a thread from one radiating thread 
to the other in a rapidly-unwinding spiral till it reaches the 
outer edge of the net. This is to form a staging, and also 
the better to hold the radiating threads in place. It then 
commences at the outside, and going back over its last coui-se 
carefully constructs tlie permanent mesh ; and, as it comes to 
each radiating thi'ead, it will he seen to attach to it tlie 
thread it is now making, by shnply pressing the spinnerets 
against it. As it goes around again and agaiu, continually 
shortening the circle, it gathers up the thi-ead which was 
first laid as a staging, and, rolling it up in Httle balls, di-ops 
it to the gi'ound. This habit has led to the impression 
that the spider eats its web. The cireulai' threads are 
glutinous, while the radiating threads are smooth, and this 
can be proved by throwing dust through the net, when the 
cross-threads will catch and hold the dnst, while the radiat- 
ing threads will remain clean. The actual centre of the net 
is not the geoinetrical or true centime, but a little above it. 
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It may be observed, too, tliat the net does not stand vertical, 
but leans a little, and the spider having completed the net 
takes a position in the actual centre of the net, head down- 
ward and on the incHning side of the net. With its legs 
outstretched, and resting on the radiating lines, it can feel the 
slightest jar or agitation made by a struggling insect. The 
spider being above the true centre of the net and on the in- 
clining side, if the fly has become entangled below the eenti-e, 
it can instantly drop to tlie desu'ed point suspended by the 
ever-ready thread -which it makes, and, swinging to the net, 
it almost instantly catches the fly. 

The pupils would do well to watch the spiders while they 
are constructing their nets, and to observe and describe, or 
sketch in outline, the different kinds of nete they find and 
tlie kinds of spiders which construct them. 

107. Besides the nets made by spiders to ensnare insects, 
some species have the power of mmiing out a long thread 
which answers the purpose of a balloon in raising them from 
the ground and carrying them floating a long distance in the 
air. In constructing this buoyant means of transportation, 
the spider does it at peeuliai' times of the day, and in peculiar 
positions. Selecting some place where the heated air is rising 
from the ground or from the side of a fence, it tm-ns up 
its abdomen and allows the rising cm-rent of air to cany 
upwai'd the thread which is being made, and, when this thread 
is of sufficient length for its buoyancy to overcome the weight 
of the spider, it floats away with the spider hanging below. 

The following represents the young spider in the atti- 
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tude of throwing out its thread for the purpose of sailing 
in the air. 

Voyagers often meet with these spiders in myriads as 
the wind sweeps them from the land. 




heGhobhd. (Co^SeditoinQFlgarebyJ.H.Ei 



108. The spider also eonetruets cases to hold her eggs, and 
lines them wannly with the finest web. These nests vary 
greatly in appearance. A very common variety, somewhat 
oval in shape, may be found suspended in bams and sheds. 
The pupils should collect and open these cases or neets, and 
they will be found to contain little e^s, sometimes rolling 
out like beads into the hand, or, the eggs having hatched, 
hundreds of little spiders will appear moving within the nest. 

Nests, or, more properly speaking, eggnjases of difEerent 
kinds, may be collected under stones and logs, and wherever 
spidera' nests occur. The little spiders hatching from the egg 
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will gfow to twice their size in tbc nest, witliout apparent 
food, and it becomes evident that, in some eases, they 
mnsfc eat each other, as Prof, "Wilder has observed within 
some of the egg-eases a far leaa number of spiders than there 
were eggs in the nest at the onteet. These nests may be 
kept in boxes ind the egg& wJl batch in due time. 



Fie. ]]a.— Spidbbs' Nebis oi 
nestB ta sbedE ma baraa ; 
eggi afamds upon a st^dh. 



109, The young spider comes from the egg resembling in 
form the parent spider, except that the legs are much shortei- 
in proportion to his relative size, and the palpi appear so 
large that they look like another pair of legs, as they then 
ai'e in fact, but they afterward become modified to feelers. 
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As the young Bpider grows, it sheds its skin at short inter- 
yals of time. If the pupils -will examine the young spider 
soon after it is hatched from the egg, they will find attached 
to the hinder pai't of the body the skin which has just been 
shed. This curious process of shedding the skin, or moidtmg, 
occiu-B at intervals, till the spider has reached adult size. 




110. The cast-off skins of spiders are very common in 
their webs, and, if the pupils examine any bam-windovr 
which is covered with spider's webs, they will be sure to find 
some of these cast-off skins, like the one represented in Fig, 
114. 

The mother-spidDr, generally so timid, overcomes her fear 
d-oring the time she has the care of her eggs, and with 
many spiders the egg-cases are directly cared for by the 
mother, she oftentimes caiTying them about with her or hold- 
ing on to them and showing the greatest solicitude for their 
safety. Let the pupils try to separate the egg-ease from the 
mother-spider, and they will then learn how courageous the 
spider is at this tune, and how persistently she remains by 
her eggs. Some species of spiders caiTy their young on 
their backs, and move about with them. 
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A email black spider was picked tip in the woods, which 
had her body entirely covered with young spiders, which 
were evidently newly hatched. When the mothei'-spider 
was picked up, all the httle spiders becoming fidghtened 
jumped ofE, but just before jumping each one attached a tiny 
thread to its mother's back, and as the spider was held up in 
the air there hung below, suspended by invisible threads, 
the whole progeny looking like little black beads. The 
mother-spider was then thrown down among the dead leaves, 
sticks, and pine-cones. She did not run away, however, but 
waited till all of the young ones had found their way through 
this tangled wilderness, s^ely back to their mother, and this 
they accomplished by means of their tlireads, one end of which 
they had previously attached to her back. Having waited 
till all bad been gathered in this way, she continued her 
journey. 

111. The spider has no power of throwing or ejecting 
its thread to distant objects, as many suppose. "When threads 
are seen stretching from one tree to another, the spider has 
caused the thi-ead to issue from the spinnerets, and the wind 
has then caught it and borne it along, till finally it gets 
entangled with some object, and in this way the spider is 
enabled to cross from one poiut to another. 

These creatures are not so dangerous as many suppose, and 
but very few authenticated cases are known of man having 
been bitten by these animals; though the larger spiders 
at the South, and in California, as the tai'antula, for exam 
pie, can inflict a dangerous wound. 
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CHAPTEK XVI. 

DADDY-LONG-LEGS, CESTIPEDE8, AND MILLIPEDES. 

112. In the insects proper, or true msecte, the pupil hae 
learned that the head, thorax, and abdomen, are separated 
into three regions or parts. In the spiders, it has been seen 
that the head and thorax are combined, forming a single 
region or part, and called the eephalo-thorax, wliile the ab- 
domen appears as a distinct part. There is another group 
of animals allied to the spiders, the individuals thereof hav- 
ing four pairs of legs, and the head, thorax, and abdomen, 
more or less merged together. The animals belonging to 
this group are called in various parts of the country, daddy- 
long-legs, grmiddaddy-long-legs, grwndfatlier-graybeards, and 
hawesPmen, and in northern !New Tork are known by the 
name of " gi'ab for gray bears." 

Certain species are common around houses and sheds, 
others ai'e found in the woods. They are easily recognized 
by their small bodies and extremely long and slender legs. 
It is difficult to hold them in the fingers, as some of the legs 
are liable to drop off on the slightest effort made to retahi 
them. 

In the middle and on the back of the eephalo-thorax, there 
is a slight eminence, upon which are situated the eyes, two in 
number. The abdomen appears distinctly segmented. 

113. Their food consists of small insects, such as flies and 
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mosquitoes ; and these tliey go in quest of, slyly approaohing 
and pouncing on their vietim and seizing it with their mandi- 
bles, which are famished at their ends with a pair of nippers, 
which enable them to retain their prey. {See Fig. 115, in.) 

They build no net to entrap their prey, and are weak and 
helpless compared with their higher relatives, the true spiders; 
They are dependent flien for food upon such insects as they 
can overcome, and these tliey devour, differing in this respect 
from the rapacious spiders ■which suck 'the fluid contents of 
their prey, reiectiug the rest. Certain species su-e known to 




lia.— ToUBS nADDT-LoKd-IjlOB, 
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be cannibals, as some have been seen to pounce upon a brother 
daddy-long-legs and devonr it, leaving only the legs. 

It is believed that in the Northern States they do not sur- 
vive the winter, as in the spring only young ones are seen, 
and these attain full size by autumn. At this season, tlie eggs 
are laid under stones and in the ci'acks of boards and other 
protected places, where thej remain to hatch out in the fol- 
lowing spring. 

Hi. Under old boards in gardens and hidden beneatli 
stones and dead leaves in the fields and woods, the pupils 
will find the creatures to be studied in this lesson. They 
are commonly known aa centipedes, and in the Eastern States, 
at least, are also known as earwigs ; though the earwig 
in England is an entirely different animal, being a true six- 
legged insect. 

The centipede belongs to a group of animals called Myri- 
opods, aiid the animals belonging to this group are composed 
of a great many similai* segments, some species having aa 
few as ten segments, others having over two hundred seg- 
ments. In this latter respect, these creatures resemble the 
worms, but differ from the worms in having jointed legs and 
antennse, and in these last-named eharactei-s resemble the 
insects, besides having other affinities with the insects, in 
breathing air throngh spiracles and tracbete which run 
through the body. 

There are two very distinct groups of Mynopods ; one 
group comprising the true centipedes, in which tlie body is 
flattened, the segments loosely joined, and the legs gener- 



Hosted=vGoOgIe 



124 



FIE8T JSOOK OF ZOOLOGY. 



ally equaling, and sometiilies exceeding, the width of the 
body. 

The segTnents in many cases are unequal in length, some 
of them being very short and alternating with long ones, 
though all hear a pair of legs below. The antennse are much 
longer than the legs, and are often composed of a great many 
jointe. A pan' of modified legs reach ont behind and look 
like a hinder pair of antennse. 



In a few forms the eyes 
while in others the eyes ai 
are called oceUd. These are 
at the base of the antenniE. 



compound as in the insects, 
aa in the spider, and 
aaeli side of the head, 




115. The jaws or mandibles are large and jointed, with 
the terminal joint long and sharp as in the spiders. The 
other pairs of jointed appendages act also as month-parts. 
The under lip is notched with fine teeth, as shown in the fol- 
lowing figure, which represents the under surface of the head 
of the species of centipede shown in Fig. 116. 
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These ereatures are active in tlieir motions, and i-apaeious 
in their habits. Some of them feed on email insects, others 
attack earth-worms. Their bite is venomous to insects, and 
one species having very long legs will produce by its bite a 
severe pain lasting several hours. A large species fonnd in 
the Southern States, and in the tropics, and commonly kno^^Ti 
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as the centipede, is considered a dangerous animal from its 
bite. The feet of this species are supposed to poison by their 
touch, since, when they rnn over the flesh, small ulcers appear 
where the feet have come in contact with the skin. The 
pupils may collect these animals, and either dry them and 
stick them to cards, or preserve the specimens in vials filled 
with alcohol. 

116. The other group of myriopods, commonly known as 
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millepede, have a long, eylindrieal, and oftentimes sliiny body, 
composed of a great many segments so smootlily joiued to- 
gether that it is diificnlt to see the separation between them. 
The antennte are short, there are no long caudal append- 
ages, and the legs are short and feeble. At first sight it 
would appear that these creatures were exceptional among 
insects and spiders, in having two pairs of legs to one seg- 
ment ; hut it has been leai'ned, by studying the very young 
milleped, that there is really but one pair of legs to a seg- 
ment, but that the segments grow together in pairs, so that 
each appai-ent segment is composed of two S' 




ra. lis.— A GoMuos Mi 
the spedmsn from whitH 
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s live on decaying matter, and are slow and 
weak in all their movements. "When touched, or alarmed, 
they coil up in a closely-wound roll. The body is hard, and 
the animal can be stuck on a card for the cabinet. The eggs, 
to tho number of sixty or more, are laid in httle hurrows 
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previously prepared by the creature in earth that is neither 
too moist nor yet too dry. In prepaiing the hiuTow the 
female malies use of the fluid which comes from her mouth, 
and which enables her to sticli; the earth together in little 
balls, and these she passes up from her burrow by means of 
the Uttle legs which gi'asp the pellet and convey it from one 
pah' of legs to the nest pair, and so on till it is thrown 
out of the burrow. After the burrow is completed, and the 
eggs laid, the entrance to the nest is carefully ftlled up with 
clay, or dirt, moistened with fluid from the mouth. 

117. It has been learned, in studying the development of 
the insect proper, that the ■worm-like laiwa comes from the 
egg with its full number of rings or segments, and that, as 
the creature matures, some of these segments are so merged 
into other parts, particularly so with some of the caudal ones, 
that it seemed as if the pei'fect insect has a less number of 
rings than the larva. In the myriopods, however, the yoang 
creature as it hatches from the egg possesses only a few seg- 



Ti 



w. 



(Eeilnoed frouJ a tgme by Ellas Mctschnikoff.) 

ments, hut as it grows new segments are from time to time 
formed neiir the hinder part of the body, until the creature 
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attains adult size, when it may possess over a Iraiidrcd seg- 
ments. 

Like ti-ue insects, however, the young myriopod makes 
its appearance from the egg with three pairs of legs. The 
body, however, is never divided into a thoracic portion, and 
an abdominal portion, as in the true insects, or into two re- 
gions as ill the spiders, but after the head there succeeds a 
continuous row of similar segments to the tail. 

118. In studying the insects, spiders, and centipedes, or 
myriopods, the pupils have learned something about three 
gi'onps of animals which have in common a body composed 
of segments, and possessing jointed lege. They all breathe 
air through holes in the aide of the body, called spii'acl^ 
the air, thus breathed, finding its way through varioms parts 
of the body by means of little tubes called tracheae, except in 
the spiders, where little sacs, called pulmonary sacs, tiike the 
place of trachete. 

In the true insects the segments of the body are gathered 
into three regions, called respectively the head, thorax, and 
abdomen. In the spiders the segments of the body are gath- 
ered into two regions, called respectively the cephalo-thorax, 
and abdomen, the head being merged in the thorax. In the 
myriopods the head is again distinct as in the true insects, 
but the remaining segments of the body are distinct and are 
not grouped into regions. 

The true insects have three pairs of legs. The spiders 
have four pairs of legs, while the myriopods have no definite 
mimber of legs. In some species there ai'e licarly two hundred 
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pairs of legs, and in no species are there lees than ten pairs of 
legs. The true insects alone have wings. 

119. In the growth or development of the true insects 
and spiders, the young animal comes from the ^g with its 
full number of segments complete, while in the mjiiopods 
the young animal comes from the egg with a few segments, 
and new ones are added as the animal grows. 

Some of the characters of the insects, spiders, and myri- 
opods, may be represented as follows : 



Bo daflnfta number ui lejjo 
Utjiiopod.— Body mt dirided Into Regiona, but Head aeparalfl. 

JlrJlALB WHOSE BODIEB ABE OOHPOaED OF SEQUBHTa POaBESSINB J 



On account of some of these characteristics above men- 
tioned, with others not mentioned, being held in common by 
the true insects, epidera, and myriopods, these creatures form 
a natural group in the animal kingdom, just as the snails, 
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mussels, oysters, and clams, possessing certain eharactei'S in 
common, together form a natural group of animals. 

Tbere are, however, many other animals which are neither 
insects, spiders, nor myiiopoda, and still possess a hody com- 
posed of segments, and also have jointed legs, and these ani- 
mals are to fm'iiish the subject for the next lesson. 



CHAPTEK XVII. 



120. The fresh-water Crawfish, or fresh-water Lobster as 
it is sometimes called, is very common in many of the West- 
ern rivers. It may be collected in little pools by the river- 
side, and kept alive for a long while in a jar of water. It 
may be fed on the larvse of insects and fresh-water snails. 
It would be well to keep the animal alive for a while, so 
that its motions in swimming and crawhng may be ob- 
served. For the cabinet, it can be dried with the legs out- 
stretched, or specimens may be presei'ved in alcohol. 

The general form of the body is mnch like that of the 
salt-water lobster, difEering, however, gi-eatly in size ; the 
crawfish varying from three to five inches in length, and 
the lobster attaining a much larger size. 

The animal is divided into two regions, the body proper, 
to which the legs and big claws are attached, and the abdo- 
men, consisting of the jointed portion behind. The head 
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does not appear separated from the body as in the insects, 
hat is combined with the thorax, and hence this part ia called 
the eephalo-thorax, as in the spiders. The cephalo-thoi'ax is 
covered by a continuous shield, or shell, called the carapaae, 
while the abdomen is divided into a series of segments. This 
part can be bent snugly beneath the body {see Fig. 121). 




Fia. 121.— Fbesh-Watkb Caii 



At the hinder end of the abdomen are five flattened ap- 
pendages, which serve as fins, by means of which the animal 
can swim vigoronsly backwaj'd. (See Fig. 133.) 




There are two compound eyes in front, which rest upon 
little jointed etalke, so that the creature can turn them in 
various directions. 
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121. Just below the eyes are two long, and two short !Uid 
double anteuiiEe, or feelers, and directly below these are six 
pairs of variously shaped and jointed appendages closely 
packed together. They surround the mouth and assist in 
secunng and preparing the food for the stomach. The first 
pair are called jaws, or inaTidihleSf and are furnished with 
sharp cutting edges for biting the food, and a flattened sur- 
face for grinding or crushing it. The next two pairs are 
called lybosdllm, and ai'e accessory Jaws. , The pair of mandi- 
bles and the two pairs of maxillse, with another pair just 
behind, making four pairs in all, belong to the head, the 
other two pairs of mouth-parta belong to the thorax, and are 
so evidently modified claws or feet that they, with the pair 
just in front of them, are called foot-jaws or maxiUipedes. 
{See Fig. 126, in which these parts are all named.) 

122. From the under side of the body project five pairs 
of jointed legs, and these differ in shape and size. The first 
pair are much larger than the rest, and in the lobster are 




called the iig daws. They carry at their extremities big 
pincer-Hke jaws capable of giving a sharp nip, and are prob- 
ably used as weapons of defense, and also to hold on to their 
prey. The lobster can bite very severely with these big 
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claws, and for tliis reason tbe fishermaii drives in a little 
wedge of wood to prevent the animal from opening the mov- 
able part, so that he can handle it without being bitten. 

The other legs are long and slender. The two forward 
pairs ending in slender nippers, while the two hinder paira 
end in a single projecting claw. With theso four smaller 
pairs of legs the crawfish and lohster crawl or walk. 

On the under side of the abdomen are little flattened ap- 
pendages arranged in paii-s, a pair to each ring or segment. 
The animal not only swims backward bj means of the broad 




fins on the end of the tail, or abdomen, but has the power 
besides to swim in a forward direction by extending the ab- 
domen, and using the little fins below as swimming organs. 

123. The crawfish, like the lobster, breathes in the water 
by means of gills. These are attached to the base of the 
legs and are concealed on the sides of the thorax by the 
carapace, which covers them. By forcibly tearing up the 
aide of the carapace, there will be exposed the gills which 
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look lite plumes. This space may be called the gill-chamher, 
and the water flows into it by passing under the edge of the 
eai-apace back of the big claws, and passes out of an opening 
near the mouth-parts. The ciurents of water flowing in to 
the gill-chamber are induced by a stifE appendage attaclied to 
the base of the second pair of masillse caUed the fiahAVwrn 
{see Fig. 125), and which swings back and forth and scoops 
the water into this chamber. These gills are shown as they 
appear in the erawiish. In tearing oil the claws of the 
lobster, the gills are often drawn out too, and remain atta<;hed 
to the base of the legs. (In the lobster the carapace can be 
easily bent up, so as to show the gills.) 

In the following figure a ci'awflsh is shown with a portion 




c / £ A 

la, 12B.— CEiWFten been utiox tjie Sine, wria that Poktion ot tdi Cakipa™ ni 

allows.— 8, EegloDofStomsob; ^, Abdominal AppenilflgeB ; B, Bases of the Foa 
'Legs \ C, Base of Large Ckiw ; f, PlSbellum attached lo the Second Maiimptd ; e. 
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of the carapace on the left side removed to show the gills as 
tliey appear in the gill-space. The big claw and the four 
smaller daws or legs are cut ofE, so that the other parts can 
be plainly shown, 

12i. K the pupils are sldlifid enough, it will be a good 
exercise for them to separate the various appendages of the 
crawfish, and arrange them upon a card, just as the beetle 
was aiTanged, as shown on page 66, fastening the carapace 
in the middle of the card with the bact uppermost, then 
gluing the abdomen to the card, or, if possible, separating 
each ring of the abdomen and gluing each one separately to 
the card, one behind the other, and then arranging the ap- 
pendages on each side of the thorax and abdomen, and with 
a pen marking the names of the various parts on the card. 

Kgure 126 repi'esents the way in which the mouth-parts 
of a crawfish or lobster may be arranged. 

As the lobster is a much larger animal than the craw- 
fish, it will be easier to separate its appendages, and these 
may as well be taken from a specimen which has already 
been boiled, or as it may be obtained in the market. They 
may then be dried and fastened to a card with glue. The 
red color of the lobster appears only when the animal is 
boiled. When alive the color of the ereatui'c is a reddish- 
yellow mottled with bluish or greenish-black. 

125. The eggs are carried by the crawfish and lobster 
glued in masses to the swimming appendages which are 
attached to the lower surface of the abdomen, and the 
creatures retain them in this way till the young hatch out. 
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This feature is characteristic of the claaa to which these ani- 
mals belong. How difEerent in this respect from the creat- 
ures already studied, in which the eggs are deposited and 
left by the animal ! It has been learned that certain spiders 
too carry their eggs round with them, and protect them. 




Fig. 138 represents a crab carrying its eggs glued to the 
appendages on the under surface of the abdomen. Pupils 
having access to lobsters in the markets, will, by looking over 
them, find some specimens in which the eggs are being carried 
in this way. 

126. The young animal in growing sheds its entire shell, 
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in tMs respect again resembling the spider. This process ia 
called moulting, a term used in describing a similai' process 
iu the spider. The lobster and crawfish continue to shed 
their shells at different periods, till tliey attain full growth. 
It is stated that the crawfish sheds its shell annuaUj. If the 
pnpils will keep some of these creatures alive, they will prob- 
ably have an opportunity to observe this curious process of 
nioiilting, in which the entire outer skin, or shell, is discarded, 
so that there is left, complete in all its parts, the empty crust, 
like a discarded garment. The carapace separatee from the 
abdomen above and cracks along the back, and by a seiies of 
efforts the animal pulls its way out. Great tronble is expe- 
rienced in withdrawing the legs, and oftentimes a leg is left 
behind, and eases are recorded wherein the animal has perislied 
in the straggles to liberate itself from the old skin. For 
some time the animal shows great timidity, and the lobster, 
when it has freshly shed its skin, retires to some secluded 
place, and there remains till the soft and tender skin has 
become thickened and hardened, so as to enable it to 
withstand the attack of its enemies. Lobsters often lose 
their legs in fighting, and on a sudden alarm are capable of 
dropping them off. The loss of the leg in this way is made 
good by the curious property the stump has of reproducing 
another leg, which grows out' again, jointed and shaped like 
the one lost, 6n\j much smaller than tlie original one. At 
each succeeding moult, however, the leg becomes larger and 
larger. If the pupils will now carefully examine a lot of 
lobstgrs, they will notice among them some specimens in 
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which some one of the legs will be mueli smaller tlian its 
mate on the other side. This shows where a new leg has 
been growing, to replace cue previously lost. 

127. The jonug passes through a remarkable series of 
moults, or shedding of the shell, and each moult brings it 
nearer in appearance to the general form of a lobster. The 
following figure presents the appearance of a young lobster 
which has imdergone several such moults. 



CHAPTEE XVIII. 

OEABB, HEBMIT-OEABS, AND OTHBE CEU8TA0EANS. 

128. The class of animals to which the crawfish and 
lobster belong is called Cmstacea, a name derived from a 
Latin word, tyrusta, meaning a cmst, or the shell with which 
the animals of this class are covered. 

To this class belong the crabs, hermifrcrabs, shrimps, 
and an infinite variety of forms found in salt-water, certain 
little creatures found in the gi'cat lakes aud otlier fresh 
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waters, as well as a little creature known as tlie sowbiig, which 
is common under stones and boards in damp places. By fai' 
the larger proportion of these animals ai'e found in salt-water. 

Pupils having access to the sea-coast will find along the 
shore, and in pools of water left at low tide, a number of 
species unlike any thing found in fresh water. 

The common crab may be studied and compared with 
the lobster. It wiU be found that the crab has the large 
claws, little legs, mouth-parts, antennse, and other details 
similar to die lobster and crawfish. The body, however, 
is entirely unlike in shape ; instead of being long and cylin- 
drical, it is wide and flattened, and the long, jointed abdomen 
so eharaeteristie of the lobster and crawfish is quite concealed 
in the crab. At first sight, the creature would appear to 
have no portion corresponding to this part in the lobster, 
but beneath the body there will be found a close-fitting piece 
composed of segments or joints, and, if this be raised or 
opened, the relation between this small piece and the large 
jointed abdomen of the lobster becomes at once apparent. 

The crab carries her eggs attached in masses to the ab- 
dominal appendages which are arranged in pairs on tlie 
segments of the abdomen, as in the lobster. 

In the following figm'e, which represents a ci'ab carrying 
her eggs, a comparison of parts may be made between it and 
the erawfisli or lobster. 

The eggs as they are laid are covered with a sticky fluid, 
which thickens into tlireads and holds the eggs together and 
also holds them in masses to the abdominal . 
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!, having long hairs, retain the eggs all the 




Under the microscope the eggs appear like hunches of 
herries or currants. The following figure represents a few 
eggs from a common crah : 




I'll!, las.— .i, a few 'Eggs from B Common Crob, eiilorg«d; B, Single : 

Blowing raoce plaljily tbo ]iardeDe<l Thread t, by wblcb Ibej nrc iitljiclieii to each othor- 
Thia Egg shows the joung amb just beginning to form. 

139. The small legs of a ei'ab terminate in a single claw. 
There are no nipper or pincer-lihe ends as in the two forward 
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pairs of claws of the lotater, and in studying the crustaceans 
genei'ally an infinite variety of modification will be found in 
these parte. In the ei-ab wliich is so much sought after for 
food, and which ia known as the soft-shell crab (a condition 
which indicates that the crab has just moulted, or shed its 
liard shell), iiie hinder pair of legs have the last or terminal 
joints flattened, and these flattened joints are used as fins by 
means of which the creature swims tlii-ough the water. 




The above figure shows the appeamnee of the right 
hind-leg of one of these crabs. Compare this with the com 
mon crab shown in Fig. 128. 

130. A curious little crab, called the oyster-crab, mahes its 
home within the shell of the oyster, living in the gill-cavity 



. Tbe Tail la hiddeQ 



of the animal. Speciraetis may sometimes be found in 
canned oysters, and, to those who do not have access to the 
, those creatures will furnish objoRts from which 
idea of the crabs or short-tailed crustaceans may be 
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got. The tail will be found flattened against the vinder 
side of tlie body. Another species occurs in tbe salt-water 
miissel. 

In the female cralD, a fignve of which is given (128), 
this part is very large and will be oftentimes found holding 
a mass of eggs. With care the creatures may te dried, 
and their various parts separated and stuck upon cards for 
the cabinet. 




131. The hermit-crab possesses the general features of the 
common erab and lobster. The abdominal portion is long 
and cylindrical, and, instead of being encased in a hardened 
shell as in the lobster, it is soft and pliant, with scarcely a 
trace of hai'dened parts to indicate the segments. The creat- 
ure, having this defenseless part, protects itself by securing 
the hard shell of some sea-snail as a house in which it con- 
stantly lives. The caudal appendages are curiously modified 
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to enable it to retain its hold on the shell, and the other ah- 
dominal appendages are rudimentarj or wanting on the right 
side, or that side which comes most against the inside of the 
shell, as if they had been worn off. Wherever the creature 
goes, it drags fclie shell after it as a house. 




As the hermit-crab grows, it passes through the same 
features of moulting which characterize the crustaceans gen- 
erally. The shell which protects its soft defenseless abdomen 
has, of course, no power of growth, and is abandoned when 
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the hermit-crab gete too big for it. The creature has, there- 
fore, to go in search of another house slightly bigger than 
the one ready to be discarded. It is said that it does not 
always content itself with the dead shells that strew the 
beach, bnt has been seen attacking a live snail and eating it 
for the purpose of occupying its vacant shell, and this is 
rendered probable by the fact that they so often occupy 
fresh and perfect slieUs. 

Not unfrequently they are found living in old and beach- 
worn shells which they have dragged about so long as to 
have worn the shell nearly through at the place where it 
rests and rubs against the sand. The pupils may collect 
hermit-crabs of all sizes on the shores. 

The figure on the preceding page represents a hermit- 
crab after its removal from the shell. The creature is 
drawn as it appeal's lying on its hack. 

132. There are comparatively few species of crustaceans 
found in fresh water ; and, with the exception of the species 
of crawfish and a few others, the fresh-water crastaceans are 
of small size. 




Pis. 134,— rEEBn-WATJiK CnrsTiCEAS. The Line below repi'ssenta tJie NatiirsI Length et 
(Godiioid fi-oiii fl Figure, in 8. 1. Smith'a Report, of Fresh-Water CniBtacea, publisLed by U. 
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The figure 134 represents a small species whicli is com- 
mon in stagnant pooJe in nearly al] the Northern States. 

!Froni this species the pupils may study a foiin in which 
the segments of the thorax are not covered ty a continuous 
shield. 

The sowbug is a crustacean which lives out of water, 
though always requiring damp eurroundings, Tt may bo 
collected under logs and stones. In this creature the seven 
s of the thorax are easily counted. 




The eggs of the eowbug, as well ae those of other species 
of crustaceans of the same gi'oup, are carried on the under 
side of the thorax and between the legs, in a little irooding 
cavity made by leaf-like parts which lap over each other 
and hold the eggs in place. 

The eggs of these crustaceans may be found by examin- 
ing the under side of the body, and observing a lightish- 
colored space between the legs. With a pin or the point 
of a knife-blade they may be scraped away without injuring 
the animal. They are very minute, and only under the 
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inicr<^eope can the development of the joung creature be 
watched. The following figiu'e represents a single egg of 
the sowbng highly magnified: 




Aroniid the upper edge of the emlyryo (aa a yonng animal 
in the egg is called), from eighteen to twenty Httle hlunt ap- 
pendages may he aeen; these represent the legs and other 
appendages of the body — the one longer than the rest is an 
antenna. Aa the creature grows, these appendages become 
jointed and variously modified to form the legs, mouth-parts, 
antennae, and the appendages on the tail, which differ greatly 
from each other, though at the outset they are all alike, 

133, Having studied a few of the many different kinds 
of crastaoeans, let the pupils examine them together to find 
some points characteristie of them all. 

Their bodies, in common with the insects, are composed 
of segments to which are attached jointed appendage of 
various kinds. This body is divided into two regions, the 
eephalo-thorax and the tfhdomen. In some the eephalo-thorax 
is covered by a continuous shield, called the carapace, as in 
the crawfish, crab, lobster, and shrimp. In others the seg- 
ments of the eephalo-thorax are distinctly separate, and 
movable upon each other, as in the sowbug and certain other 
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eriistaeeans, one of wMcli is figured on page 145. The ceph- 
alo-thorax is composed of fourteen segments, seven of these 
belonging to the head, judging from the number of append- 
ages which arise from that part. The abdomen is supposed 
to possess seven segments, though tlie last one is so rudimen- 
tary that its existence as a true segment hm been denied by 
some. 

The deep line running across the back of the carapace, in 
the crawfish and lobster, is called the cervical suture, and 
represents the dividing line between the head and the thorax. 

The following outline repr^ents a sowbug, ■with the 
regions of the body marked. Compare this with Fig. 125. 




CHAPTER XIX. 

CEUSTACEANS ANU BAItNACLES. 

134. The crustaceans during their growth shed their hard 
outer covering at intervals, and, in this as in many other re- 
spects, resemble the spiders. In the possession of gills, in- 
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stead of air-cavities, the crustaceans show a marked difference 
"between themeelves and spidei's. 

Now, tliere are hundreds of mimite crustaceans in which 
it would be liard to recognize any close relations between 
them and the crustaceans already studied. 

Among these odd fonns may be mentioned certain little 
animals abundant in ditches and pools throughoiit the coun- 
try. Some of these creatures are smaller than a pin's-head ; 
others are as large as an ordinary white bean. 

At first sight they might readily be mistaken for bi- 
valve moUueks, as the body is covered with a bivalve shell, 
which partly opens aud shuts, and is firmly attached to 
the body within. If the pupils are fortunate enough to 
collect some of these creatures in a net and watch them as 
they actively dart about in a jai- of water, they will at once 
see the difference between them and the clam or mussel. 

Instead of the animal's projecting a soft and fieshy foot 
with which to ci'eep slowly along, as in the mussels, they will 
see numbers of little jointed, swimming legs partly protruded, 
and jointed antennje thrust out in front ; and, if their eyes 
are keen enough, may detect a little black speck just above 
the antemiEe, wlrich represents the eye. 

The following fignres repi-esent a species collected in 
Dubuque, Iowa, and another foim from Lynn, Massachusetts. 

135. The concentric lines on the shell appear like lines 
of growth, and such they really are ; but they are not made 
like the lines of gi'owth on the mussel. Wlien the creature 
moults, the delicate skin covering the antennre and swim- 
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ming legs i9 discarded The motdting proce^ also tafeea 
place with the bivalve -.hell but, instead of its being dis- 
carded, the oonlt is held oi cemented to the new shell which 
forms nndcmeith Moult aftei moult of the shell is thus 
retained, the incita'5ing ■^ze of each moult showing as sep- 




Tid. 138.— FnEBn-WiTEE CnnsTiCEAHs: I>, Spedes from Diilincine, Iowa; e. Eye, TheliOB 
below !naiCiilsa tbc natuiil lengtb ot Uie Bpedmeii ; Z, Species ftora Ljnu, Masa. : tliia is 
flgored tbe mtuniL size; S presoDtB a liighly-miigiiifled eectloa of onooF the abells, to 
show tto aucoeSMve monlta, tbeao being nnmberea in ttieir order of monlHnK ; -B sbows 
tJie appearnnce of a portion of tbe edge of tbe shall along tbe bacb,repreaeiLtliig the suecea- 
slTB monltB lappli^ one OTer tbe other. 



arate eoneentric lines of gi'owth. If the shell is cut into 
and the cut edge is examined with a microscope, the sneeeB- 
sive moults will be seen resting one upon the other, like the 
leaves of a book. By reading carefully the desanption ao- 
eompanying Fig. 138, the pupils will leara more about it. 

Tire very young stages of these creatures have some 
resemblance to the young of the barnacle shown in Fig. 141. 

136. Another group of animals classed with the cmstacea 
is still more unlike the forms already studied. These are 
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the bamaclea. They are found in immense ntunbers cover- 
ing the rocks and piers in places between high and low 
water mark. In nearly all places along the coast iiie rocks 
are whitened by their numbers. Pupils living inland can 
get specimens of the bamacle by visiting places where oys- 
tera are received in the shell ; and, by examining the shells 
as they are thrown away, may now and then come across 
good specimens. With a stiff brush and some water the 
mud may be washed off the shell, and then the creature will 
present the following appearance. 




The baniacle-shell is round and conical, broad at the 
base by which it is firmly attached to the rock or whatever 
object it grows upon. The walls of this sliell ai'e composed 
of six pieces whose edges overlap each other. The opening 
in the top of the shell is closed by fom' plates which tightly 
fit together. 

In collecting these ei-catures for the purpose of studying 
them alive, care must be taken in breaking them from tlie 
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I'ock, It will be mucli better to take them from the wooden 
piers, or, if possible, specimens should be collected attached 
to aome pebble. These may now be placed in a jar or bowl 
of salt-water ; and, if they are watched closely, there will be 
seen a set of fringed arms, lite hairs, tbriist out at the top of 
the shell, which, stretching out with graceful ciii'ves, close and 
partly retract within the opening. This motion will be con- 
stantly and rapidly repeated. There are eix pairs of these 
appendages, and they are flung out in this way to grasp the 
minute particles in the water, which serve them as food. 
The ai-ms being jointed and fringed with delicate hairs, the 
whole combined forms a sort of net. In Fig. 140, (7, the 
tip of one of these arras is shown, highly magniiied. 




Fia. I40^A, Side- View 



137. Inland pupils may break open the barnacles collected 
on the oyster-shell, and, taking out the soft pai'ts, may examine 
them by placing the parts in water, when the fringed arms 
become apparent ; and under the microscope the delicate hairs 
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which fringe the arms may be seen. The jointed structure 
of tliese appendages and their arrangement in pairs show 
that the creature does not belong to the shell-fish or lool- 
lufiks, as its shell might seem to indicate. 

In past times many able natiiralists classed these creat- 
m-^ with the mollusks, because tbey judged from the ex- 
ternal appearances of the shell, which was limy. A cai-efnl 
study of their anatomy and development proved their rela- 
tions to tlie crustaceans, and that they had no aiBuities what- 
ever with tlie molluslis. In their growth they moult, in this 
act shedding all the aldn, and at certain times in the summer 
the water ■will contain myriads of their cast-off skins. The 
shell, however, is not shed. 




[«. 141.— EiBLT Stages of a BaBBaciE; A, BhorOj after leaving tho Ess; ''> 
laving Mqnired a Biva!™ Shall, nnd jiirt bcftire bMomlng MifuJiefl repi^casnt 
down; G Appcaranoe after bMomlnRtttfeicliBd—Slde-Vlew i>,Top Visit of still 1 
Witt Uie Shell forming around it ; E, Sifle-Vlaw of laler Bingo ahowlnp: Appem 
■truded. (The little marlis at the rtdes of the flgurea indicate thenabirnl^ie of' 
A, B, highly mngnifled ; all of these VIeiva are mag-nifled, and, with Iho ckcbji 
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138. The young come from eggs as fi^ee-swimiiiing ani- 
mals, furnished witli eyes and jointed appendages provided 
with hairs. In this condition they awim ahoiit for a while, 
and then acquire a hivalve shell, and in this state remotely 
resemble the little ci'eatures shown in Fig. 138. 

In Fig, 141, the letter A represents its first appearance 
from the eg^. Its next appearance with the hivalve shell is 
shown at S. After remaining a free-swimming animal for a 
\vhile it becomes attached to the rock, adhering by means of 
appendages on the head, and, then moulting, it loses its former 
appearance ; the appendages change their proportions, new 
parts are added, the eyes disappear, a limy sliell gradually 
forms around it, and it assumes characters entirely unlike 
those of its earlier stages. 



CHAPTER XX. 



139. Among the animals thus far studied, having a body 
composed of segments, the pupils have seen that in all cases 
the appendages were jointed, that is, the legs and antennse 
were composed of distinct segments or joints ; and, with the 
exception of the myriopods, or centipedes, the animals pos- 
sessed a limited number of segments to the body. 

In the group of animals now to be studied — the worms — 
the body has, generally speaking, an indefinite nmnber of 
segments, and there are no jointed appendages attached to it. 
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The most accessible worm is the common earthworm. 
Specimens can he collected by digging for them in damp 
earth ; and they may be foimd luider almost any hoard or 
roclc which has lain for some time. 

The worms may be washed by placing them in a bowl 
of water, where their movements will soon remove the 
dirt. 

The body is composed of a series of rings or segments, 
which are alike in form, except those at the extremities, 
which differ. The body tapei-s at both ends. The forward 
or anterior end tapers to a blunt point, while tlie hinder 
end becomes broad and flattened. 

By carefully watching the worai when it shortens up 
after a long stretch, there will be seen, projecting from the 
sides and lower portion of each ring, minute points, which are 
the ends of little bristles protmding from openings in the 
sides. These bristles as they move project backwai'd. 




The worm moves along the ground by the aid of these 
bristles, or setm, as they are called. The body alternately 
lengthens and shortens. When the body lengthens, the setiE 
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on the hinder segments of the body prevent it stretching 
backwai-d, because the sette pointing backward stick into tlie 
ground ; the body therefore can only lengthen in one direc- 
tion, and that is in a forward one. Then, when the body 
shortens, the setB in the forward segments stick into the 
ground, and the hinder pai-t of the body is drawn up, and 
by this method the creature moves along. 




140. Another very common worm is the leeeh. Speci- 
mens may be collected in almost any pond or lake, and kept 
alive in jars of water. The creature is flat and broad, and 
in some species is furnished, at the hinder end of the body, 
with, a sucker, while others have a sucker at each end 
of the body. It crawls by means of these suckers, and 
swims through the water by an undulating movement of the 
body, Tlie eggs of the leech are laid on the leaves and 
stems of plants which grow in the water. The eggs are 
contained in little oval and flattened capsules, and these cap- 
sules are laid side by side. In Figure 143 A represents two 
capsules, in which the little leeches can be seen ; and also a 
figure of a young leech greatly enlarged, showing the eyes 
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and moutli, at one end, and the sucker at the hinder end. 
The body being nearly transparent, the internal organs show 
thi'ough. 

The species of worms in fresh water are few in member 
and qnite small. The oceiin seems to be their true home, 
and all along the sea-coast a great variety of worms — many 
of them of large size— occur. 

141, Pupils who have access to tlie sea-eoast may collect 
them between high and low water mark. Certain species 
may ba got by turning over stones and others by digging 
either in muddy or sandy places. After a violent storm 
from the ocean, many kinds of wonng are thrown up, and 
may be found in pools left by the receding tide. The roots 
of large aea-weeds also afiord shelter to certain kinds. All 
of these creatures may be kept alive for a few days, 
though considerable care is required, and those not experi- 
enced in keeping salt-water aquaria are warned to exclude 
these animals. 

They may be beet studied by being placed in shallow 
bowls or plates, and there will be much to admire in their 
graceful motions and cmious ways. 

142. A veiy common form is found under stones at low 
tide. The body is composed of a great many segments, 
from the aides of which project little appendages of various 
shapes, and also bimches of bristles which can he plainly 
seen as the creature moves. The head, instead of being 
simple as in the earthworm, is surmounted by varions 
feelers. 
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Another species veiy common on the ^ca ilinic, urn^er 
stones, is much shorter than the one just deiciihe<l It has 
two rows of oval scales along the hd.cl, iiid the mouth is fur- 



nished with powerful jaws, which work np and do\vn. When 
they are placed in alcohol these jaws generally protrude, 

143. Some species have a curiouB way of protruding 
their (esophagus when they seize their food, at the end of 




whicla appeal' the jaws, like sharp elaw-shaped teeth. The 
following figure shows the anterior end of one of these 
worms, with the (saophagus protruded, in the act of se- 
curing its prey. 

Certain other eea-worms huild tithes of mud or sand 
in which they live, and many of these have hunches of 
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thread-like feelers on the head. If these y 

from their tubes and placed in a plate of sea-water in which 




are contained also particles of dirt or sand, tliey will commence 
to huild a, new tubo, and for this purpose the threads on the 
head will stretch out like delicate robber cords, and^ becoming 
entangled in the particles of dirt, will draw them toward tlie 
head, when the appendages on the body will mould it around 
them in the shape of a tube. 




Fie. 14T.— Sea-Wokub which hakb Lihj Timm.—A. Worm with Iiiejulir Tube, the line 
; Lnaicfltaa naturel loagtb ; £, Worm with Spiral Tnbe, eBlnrgeiJ ; O, Piece of Sea-Wued, 
fihowtog tlio Appearjmoe and Natural S^ of thoBO Spliiil Tnbea aUaohed lo it. 

Other worms deposit a hard, shelly tube of lime. Some 
of these are iiTcgular in shape, as in li'ig. 147, A. Other 
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i build the tube in a coil, looking very imich like a 
snail-shell, as iii Tig. 147, B. This form is very common on the 
ordinary rock-weed, and may be collected in the dShris thrown 
np by the waves. Pupils should collect these, and, if possi- 
ble, watch the little creatures as they protrude the feathery 
appendages which sun'onnd the head. In the forme figured, 
one of the appendages is modified into a sort of plug, and, 
when, the worm retires witliin the tube, the ping stops up the 
aperture securely, as certain snails close the aperture of their 
shells with an operculum. 

144. In studying the affinities existing between animals 
in order to gi-oup them together naturally, the pupils should 
leara liow unsafe it is to judge by the external appearances of 
the animals to be classified. Eor example, the little woraa B 
just desci-ibed has a coiled, limy shell, which might easily be 
mistake!! for the shell of a snail. Yet the slightest examination 
of the soft parts within shows that the animal is made up of 
segments, and that, minute as it is, there are bunches of 
bristles, or eetie, projecting from the sides of tbe segments, 
and from these and other characteristics the creature is proved 
to be a time ■wonn, having no affinities with the snails. The 
barnacles too have a limy shell ; yet, when the creatures 
within are examined, their affinities with the crustaceans are 
seen at once; and, although distinguished naturalists in past 
times grouped them with the ahell-fiah, or moUusks, they 
properly belong to that class which includes the lobster and 
crab. 
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CPIAPTEK XXI. 

CONCEENING 



145. THEpupilsIiaveaeen, thus far, that the various creat- 
ures studied not only difEer greatly in their stmctiire, but that 
Boine are complex or elaborate in their eharaeters, wliile 
others are quite simple. But, while these animala differ 
so much among themselves, there are certain characteristics 
which many of them have in common, as in the cnistaceans 
and insects, for example, where all of them had the body 
divided into transverse segments, and the appendages were 
all jointed. These features, which are common in large assem- 
blages of animals, are the essential characters by which they 
are brought together into great groups or divisions. Thus, 
all those animals which have the body jointed, that is to say, 
divided into a series of segments, as in tlie worms, crustaceans, 
and insects, form the great branch of Artioulates of Cuvier, 
because Cuvier, the celebrated French natiu-aliet, fii'st ap- 
plied the name Articiilata to an assemblage of animals which 
included the worms, crustaceans, and insects. Since then 
other naturalists have had reason to separate the woi-ras from 
the crustaceans and insects, and to classify them in a great 
branch called Vermes^ for worms do not have a continuous 
hai'dened and limy skin covering the body and appendages, 
and, generally spealdng, the segments cannot be gi'ouped 
in regions, as is possible with the cmstaeoans and insects ; the 
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I are far more nxunerotis, and there is no definite 
numbei' of them, as in the two last-mentioned elates ; the 
absence also of jointed appendages and certain features eon- 
eeming their intenial sti'ucture, lead some naturalists to rec- 
ognize, under the name vermes, the worms and related 
forms as a branch separate from the cnistaceauB and insects, 
though still having eei-tain features in common with them. 
The name Articulates is therefore abandoned, and the crus- 
taceans and insects are united in one branch, and called 
Arthropods, a word derived from two Greek words, meaning 
johvted foot. The clams, oysters, mu^els, snails, and some 
other creatures which have not been mentioned in this book, 
have certain essential features in common, and so they are 
included in another great branch called Molluaka, from a 
Latin word, moUis, meaning soft, because the bodies of these 
animals are soft, A very inappropriate name, because there 
are many other animals which are soft liodied having no 
relation with the shell-fish or Mollnsca. 

146. Now, these divisions or branches not only include 
animals which are simple in tlieir structure, but animals 
which are very elaborate. All the animals in each gi-eat 
division, however, must embrace creatures that possess the 
same essential characters. With a knowledge of these essen- 
tial features, it has been customaiy to make a diagram of a 
theoretical animal out of these characters only. This theo- 
retical figure is called an wrohetype, meaning an ancient type, 
or first type, and the characters composing it are hence called 
type-Gharactet'S; or typical aho/racters, and that animal which 
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possesses most of these characters, in the plainest manner, is 
called a typical anmial. This mode of presentation applies 
as well to smaller groups as'to larger ones. Thus in the 
crustaceans, the lohster and crawfish might he called typical 
crustaceans, as being the types or representatives of the class, 
while a barnacle would certainly not he looked upon as a 
typical animal of this class, though belonging to it. In 
the same way an insect without wings would not be looked 
upon as a type of the insects, because one of the leading 
characters of the class of insects is the possession of wings. 

In making systematic tables to show the relative gi'ade 
an animal occupies, the simplest groups may be placed 
lowest in the list to indicate their inferior position. For 
instance, if the arthropods were to he ai-ranged in a sys- 
tematic table, those which have no lungs, but gills instead, 
would he placed lowest, because it has been foimd in other 
classes of animals that oftentimes the young or immatai'e 
animal has gills which are afterward replaced by cavities for 
the purpose of breathing air direct, and the immature animal 
is regarded as less perfect, or lower in its organization than 
the mature or adult form. Consequently the crustaceans 
would be placed lowest in the scale. Then would come the 
air-breathing arthropods, and lowest among these would 
come the spiders, as the head is not specialized from the 
thorax. Next would come the myriopoda, as in these the 
head is specialized as in the insects. And, finally, the true 
insects would come highest, as here the legs are reduced to 
three pairs, the head as well as the thorax is definitely separ 
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rated, and now the creatiu'e has added to it winge by means 
of whidi it lias new means of locomotion. This, however, 
refers only to the most prominent types. 

If the tahle is to he arranged to show the higliest animals 
in the highest part of the column, it ■would be arranged as 
follows : 

AETIIEOPODg, J '■ **'^«''*- 



This is dassifioaUon : to claissify animals is to bring those 
creatures together which have certain leading features in 
common. And th^e classes may be divided again and again 
into smaller groups. 

As, for example, the insects proper : if the pupils were to 
divide them into smaller groups, the beetles wotdd come 
together as one group, no matter what their shape or size ; 
moths would form another group ; the bugs anothei' gi'oup, 
and so on. 



CHAPTER XXTI. 

CHAEAOTERS OF YERTEBEATES. 

147. The lessons ttiis far presented have been upon 
creatui-es belonging to three great divisions of the animal 
hingdom, the Molluslts, Arthropods, and Wonna. There are 
many other groups which represent other great divisions of 
the animal kingdom, of which no mention has yet been made, 
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and upon some of wliieli a few trief lessons will be given. 
The material to be collected for this lesson should consist 
either of salamanders (or lizai^ds, as they are incorrectly 
termed) or water-newts. The salamanders may be found in 
groves and forests, nnder rotten logs or bark. They are 
absolutely harmless, though many people regard them as 
poisonous. "Water-newts are similar to the salamanders, ex- 
cept that they live in the water, and the tail is often provided 
with a fin. 

The following iigure (Fig. 148) represents a species of 




salamander common to the Nortliem States, and also found 
at the South. Its color is bluish black, with a row of ir- 
regular shaped yellow spots on each side of tlie body. 

In studying the extei'nal characters of the salamander, 
the pupils will observe the following features : 
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The animal haa a liead with a slight narrowing between 
it and the hody. The head has two eyes, capable of being 
closed by movable lids. The mouth opens transversely ; 
that is, the lower jaw is on the under part of the head, and 
mov^ up and down. In the insects aud Crustacea, the jawe 
were on the sides of the head and opened sidewaj's. The 
jaws have minute teeth, and in lai'ge salamanders the teeth 
can be felt by rubbing the finger along the edge of the 
mouth. On the front of the head there are two holes reppe- 
senting the nostrils. The creature has four short legs, a for- 
ward pair and a hinder pair ; it has short feet also, with four 
toes on each forwai'd foot, and five toes on each hinder foot. 
The tail, which is quite as long as the body at its commence- 
ment, is nearly as wide as the body, but tapera gi-adually, 
and becomes flattened at its end. 

148. How different in every respect is this creature fi-om 
the animals thus far studied in this book I and yet, if the sal- 
amander is eompared with a dog or cat, the characters men- 
tioned above will be found in each. The cat has also a head 
containing two eyes with movable lids ; the lower jaw is on 
the under part of the head and moves up and down and the 
moxith opens transversely ; it is f miiished with teeth, there are 
four legs with feet and toes, and the ci'eature has a tail. But 
there are also important differences between the two : the eat 
has external ears, while the salamander has none, tliough it 
has parts which enable it to hear. The cat's skin is covered 
with hair and is dry, while the salamander has no hair upon 
it and the skin is always moist. The cat has sharp claws, 
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while the salamandei" now being described has none. On 
touching the cat it feels wann, while the salamander feels 
cold to the touch ; with the cat the young are born alive, and 
the little kittens have the same general featiu'cs as the parent- 
cat. The salamander lays a lot of eggs, and most of the 
species lay their eggs in the water ; when these hatch, the 
creatures coming from them have no limga and cannot 
breathe air directly, but have gills instead. More euriouB 
still is the fact that, when the young creature hatches from 
the egg, it has no legs, tliese appealing afterward as the ani- 
mal grows. 

The following figin-e represents the appearance of a young 
salamander ten days after hatching from the egg. The gills, 
appearing like feathers, are seen on the aides of the neek. 



Ila. l-ta,— YouBH SALAMAsnEH,— i?> S. Gills. '(Afler i figure by Ur, P. E, Hoy.) 

149. Thus, while there arc important difEerencea between 
the cat and the salamander, there arc also many points of re- 
semblance ; and, if the arrangement of bones constituting the 
skeleton be examined, a still closer resemblance may be seen. 
Within the body the salamander has a series of bones which 
together form the skeleton. The most important part of the 
skeleton consists of a row of bones which runs along the cen- 
tral line of the back of the body fi-om the head to the tip of 
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the tail. This row, ov column of bones, is called the vertebral 
column, and the bones composing it are called the veTtebr<B. 
The bones of the head combined form the skull or cranvum. 
The ribs, which in the salamander are rudimentary, are at- 
tached to the sides of the body vertehrEe. The bones of the 
fore and hind legs are similar, though they are called by 
different names. 

A series of bones just back of the head, the longest of 
which is the shoulder-blade, forms the pelmic girdle / to this 
girdle the first bone of the fore-leg is joined. Other bones at 
the hinder part of the body form thej^dinc arch, and to this 
the first bone of the hind-leg is joined. 

150. It will be a difficult task for the pupils to remove 
the flesh from a salamander so as to show the bones united, 
and it will also be difficult to prepare the skeleton of a cat; 
but the pupils may learn something about the bones ajid their 
attachments by gently handling the creature. Strauss-Durk- 
heim, a celebrated naturalist, when he was writing his famous 
work on the eat, used to hold one of these animals for hoars 
in his lap, while he felt of the muscles and other portions of 
the body. 

The following figui'e of a cat shows the position of the 
bones in outline. 

Along the back is a series of prominences which indicates 
the vertebral column, or, as it is usually called, the backbone 
or spine. On the sides of the body the ribs may be felt like 
bars or ridges. The shoulder-blades, or soapulm, are promi- 
nent bones, forming the shoulders, and from these the bones 
of the f ore-lesfs start. 
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The bones oi the pelvic arch, or pelvis, may be readily 
detected, and from these the hind-legs start. 




BMu; 1, Ilumeiua; 2. Radlua una Ulna ; S, Corpus; i, Fholangea ; 0. 1'cuiQr; 
andFibnla; 7, Tarsus; S, Matetarsus; 9, Fbalangea ; i, Innominate Bone— a 
of Bones comfainecl, forming the PoMo Aitli ; n, Tei-Uibtal Colmnii. 



151. This mode of examining the bones 
since it would hardly be possible for pupils to prepare a 
proper skeleton, and because few of the museume of the 
eoimtry to which they would have access possess skeletons 
of this kind. Now and then there may be found npon the 
beach a nieely-cleaned slteleton of a dog or cat, made so by 
little creatures which have fed upon the flesh, and this Loay 
be used for study. 

As unlike as the salamander and cat are in some respects, 
in many charaetei's, both external and interna], they are re- 
markably alike. 

If one of the body vertebra be examined, there will be 
found a central bony mass, in the upper side of which will 
be found a hole which is made by the bone growing up fi'ora 
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eaeh side of the bony mass, arching over, and uniting above- 
All of tite vertebrEe, except those in the tail, possess this chan- 
nel or tube. 

Within the skull is a mass called the brain, and running 
from this through a hole in the akuU is a long white cord 
called the spinal cord or oerebro-spinal cord, and this always 
runs along on the back of the spine or vertebral column, 
passing through the arch or hole of each vertebra just de- 
scribed. In fact, the spinal cord is protected from injury by 
passing through this bony tube. 

These features with various modifications will be found 
in all animals having a vertebral column, that is, a central 
longitudinal axis either of bone or cartilage above which 
runs the spinal cord. 

The impulses of the animal to move originate in the 
brain and, passing along the spinal cord, run off by means of 
nerves, to animate the movements of the muscles. As a proof 
of this, if the spinal cord be injured, the parts behind and 
below it are rendered helpless. 

The ribs passing from the vertebrte arch below, and 
form another and much larger cavity, in which are contained 
the organs vrhich contribute to the body's growth, such as 
the lungs for breathing, the heart for propelling the blood, 
the stomach for digesting the food, and so on. The follow- 
ing figure represents a body vertebra to which are attached 
a pair of ribs with the cavity above, in which is contained 
the spinal cord or cerebro-spinal cord, and the cavity below, 
in which are contained the lungs, heart, t 
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153. If the legs of the salamander are now examined, the 
following charaeteristicfi will be noticed : 




Carity for Ccrobfo- 



If we compare the hind-leg of the salamander witli our 
own leg, we shall find essentially the same arrangement of 
parts, namely : the leg bending at a joint in its middle, or 
the knee-joint, and below this joint another one called the 
ankle-joint. In that portion of the leg ahoye the knee-joint 
there is one long hone called ih&f&m/iir which joins or articu- 
lates with the pelvic arch. In the leg helow the knee-joint 
there are two long hones side hy side, called tho tibia and 
Jibula. In the ankle-joint there are a number- of small 
bones closely packed together; these are called the ta/rsal 
iones, and together form the ta/rsus. In the body of the 
foot there are several bones upon which the toes rest, and 
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these are called the inetata/i'sal bones, and together form 
the metatarsvs ; and finally come the bones of the toes called 
pJialaTiges — a long series of names to remember, yet they 
apply to every animal possessing a vertebral column and 
having legs. 

153. The fore-legs of the salamander have similar joints, 
the elbow-joint corresponding with the knee-joint, the wrist- 
joint corresponding with the ankle-joint. Above the elbow 
there is one long bone called the htimerus, and this articu- 
lates with the shoulder-blade, or scapula, as it is called. Be- 
low the elbow are two long bones side by side, called the 
radius and ukia. In the wrist are a number of small bones 
called G(wp<d bones, which together form the cwrpiis • and 
then follow longer bones corresponding with the metataraal 
bones, and these are called the metmarpal hones, and to- 
gether form the metaca/rpus; and finally the bones of the 
fingers which are called phalanges, the same name which ap- 
pUes to the bones of the toes. The following figures repre- 
sent the bones of the light fore and hind leg of a species 
of salamander common to the Noi-theastern and Middle 
States. 

"With the aid of a good hand-lens the pupils may see 
these bones in the leg of any small salamander by observing 
tlie following directions : having secured a five salamander, 
the animal may be killed with ether ; now, if the leg be cut 
ofi and gently pressed between two thin pieces of glass, the 
flesh is sufficiently translucent to show aU the principal 
bones quite distinctly : 



Hosted =vGoogIe 



FIRST BOOK OF ZOOLOGY. 




154. Ail animals possessing a vertebi'al eolnmii have es- 
sentially the same external featiu'es which have been given 
in the preceding lessons on the salamander and the cat ; that 
is, they have a head containing two eyes with movable lids, 
a mouth opening transversely and generally furnished with 
teeth ; and, with the exception of the snakes and a few other 
creatures, possessing two pairs of legs — a fore-pair and a 
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hind-pair — and internally having a skeleton embracing the 
features already noticed. 

In the fishes the head is continuous with the body, the 
fore and hind legs are represented by fins, one pah- dnectly 
baek of the head, eori'esponding with the front-legs, and an- 
other pair of fins, which represent the liind-legs, varionsly 
situated behind, below, or even in front of the first pair. 

155. The animals which possess a vertebral column, and 
henee called Vertehraies (from the Latin word vm-to, "I 
tiu-n "), are the fishes, frogs, toads, salamanders, snakes, liz- 
ards, turtles, crocodiles, birds, and the warm-blooded, four- 
legged beasts, such as the eat, dog, sheep, horse, and elephant. 
These last-mentioned creatures belong to a large class of 
smimals called Mmwm.(Ma, the leading features of which are, 
that the young are bom alive, and the mother nnrees the 
young. 

The fishes, frogs, toads, salamanders, snakes, lizards, tur- 
tles, and crocodiles, and others like thorn, are cold-blooded, 
while the birds and mammals are warm-blooded, and all of 
them, except the mammals, lay eggs from which their young 
hatch. The fishes, snakes, lizards, and other reptiles are, 
generally speaking, covered with scales. The frogs, toads, 
and salamanders, are smdoth-sldnned ; the birds are covered 
with feathers, while the mammals, with few exceptions, are 
clothed with fur. In the general grouping of the verte- 
brates the fishes and amphibians — namely, the toads, frogs, 
and salamanders — form one group, the reptiles and birds 
form another group, and the mammals a third group. 
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With the exception, of bHe iisbes, the, similarity in the 
character and arrangement of the hones of the slceleton of 
every vertehrate is remarkable. Even the hirds, which are 
apparently so different from the mammalia on the one hand 
and the tnrtle and salamander on the other, are yet quite 
Mmilar to each in the general character and an-angement 
of their bones; and if the young bird, while yet in the egg, 
is examined, the presence and affinities of certain bonee are 
Tery clearly seen. 



CHAPTER XXm. 

BONES OF THE LEG- AND WING OF BIRDS. 

156. OuK pupils have learned by this time how impor- 
tant it is to study the very young animal in order to deter- 
mine its relationships. Thus in studying the young barna- 
cle the affinitiea of the ereatnre were more readily recog- 
nized, and in the affinities of the parts of the animal, by 
studying the young spider the palpi were more easily seen to 
be modified legs. Now, as an interesting example of the 
necessity of studying the young or early condition of an 
animal, a bird is cited. 

The fore-leg in the bird is represented by its wing, and 
in studying the bones of the wing of an adult liird but little 
resemblance can be seen between them and similar parts in 
other vertebrates. The humerus, radius, and ubia are plain 
enough, it is true, and, when the jnipil ha* a chance to picli 
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the flesh from a cliiekea's or a turkey's vcing, he may o 
these bones easily enough. The bones of the wrist and 
hand, however, seem to be few in number and curiously 
grown t 




157. If, however, a young bird is taken from the egg 
before the parts are fully formed, the booes of the wing 
win be found separate and distinct, and the relation be- 
tween the wing of the bird and the fore-leg of other verte- 
brates becomes more fully apparent. 

So constant are the characters of these parts in all birds, 
that a robin, a sparrow, a pigeon, or a chicken, will reveal 
the parts quite as distinctly as the larger birds. 

In the embryo bird, that is, a bird while still in the egg, 
the wing and leg appear far more alike than in the adult, as 
may be seen by looking at the following figures of embryo 
birds : 
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If, now, the laones of the wing of an embryo bird be ex- 
amined, the bones of the extremity of the wing, instead of 




>. — Only a portion o 
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being closely welded together as in Fig. 153, are found to 
be separate, and the carpal bones, of which only two were 
apparent in the full-grown wing, are now Beparate and foiu- 
in number. The wing at this stage looks more like a three- 
toed foot. Fig. 155 shows the appearance of the wing of an 
embryo bird. 

As the bird develops, the bones of the fingers gradually 
approach and some of the bones grow together till they 
present the appearance shown in Fig. 153. 

1S8. The bonea of the leg grow together in the same way. 
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The foregoing figure {see page lY?) represents the lower 
portion of the leg-bonca of a bird. 

It will he seen that three of the metatarsal bones, corre- 
sponding to the three long toes, are combined ; their ends, 
where the toes join on, appearing separate, while the meta- 
tarsal bone of the short toe on the side remains separate from 
liie others. 

At the anldo-joint, or tarsus, there are no separate tarsal 
T)ones to be seen, nor would theh existence be known, except 
theoretically, without an examination of the embryo. 

The following figure represents the appearance of the leg 
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of an embryo bird greatly enlarged, showing the bones in 
place. 

At this early stage, not only the mefatarsal bonea are 
seen separate, but the bones of the taraus, four in number, 
are well marked and dietinet,' 

The many strange modifications in the sliape and propor- 
tions of the lege of vertebrate animals are accompanied by 
similar changes in the aiTangements, number, and proportion 
of the bonea of th^e parts. 

Tlius, in the short leg of the salamander (s^ Fig. 152) 
the bones of the tarsus occupy a space about. as long aa that 
of the metatarsus. In birds, on the contrary, the tai'sns is 
very short, while the metatarsus is very long. 

]59. If the pupils will observe the hind-leg of the toad 
or frog, it will not only be seen to be much longer than the 
fore-leg, but an extra joint seems to be added in the foot. 
An examination of the bones shows that the first two tarsal 
bones are very long, while the other tai'sal bones are very 
short ; so that in this ease the tarsus combined is much longer 
than the metatarsus. The followmg figure represents the 
right hind-leg of a young toad while still in the tadpole 
state, though the adult shows the same features. 

The above brief lessons on the vertebrates do not even 
embrace an outline of the structure and habits of any of 
the classes, and they are given only as suggestions towai-d a 
method of study, and to point out the essential paths to fol- 

' The aulhor has seen tlie tarsal bone, marked i, In tlie heron, tem, and sea- 
pigeon. 
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low, in order to gain an insight into the affinities existing 
between tlie variona gronps composing this great branch of 
animals. 




There are still other large classes of animals forming 
branches or sub-kingdoms quite distinct from those ah'eady 
studied, and represented hy animals which live in the sea, 
such as the star-fish, sea-urchin, jelly-fish, and sea-anemone, 
of which no mention will be made in this book. There are 
also many classes, belonging to branches already touched 
upon, which have not been alluded to. These will be fully 
dealt with in the second book, now in preparation. 
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CHAPTEE XXIV. 

CLASSES AMD SL'B-KINGDOli 



The following iiguree illustrate the classes and sub-king- 
doms which have been dealt with in this book, with their 
tedmical names ; 

SuB-KiHGDOM MoLLuecA {Glo/ins, SnwUs, Squids, etc.). 
Class Gasteropoda (snails, periwinkles, limpets, etc.). — 
Animals whose bodies are generally inclosed in a mantle or 
sac, which nsually secretes a shell composed of one piece, and 
this often assuming a spiral shape. The body rests upon a 
broad, creeping disk called the foot, and this part represents 
the ventral portion or belly of the animal. The name Gas- 
teropoda is derived from two Greek words, gaster, the belly, 
and pov^, foot. The following figures represent a few ani- 
mals of this class : 
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% (clams, oystera, mussels, ete.).— Animals 
whose bodies are protected by a mantle which secretes a bi- 
valye shell, or a shell composed of two pieces. They have 
no well-definod head, and heiiee the name Aoephala, de- 
rived from two Greek words, a, without, and cephale, head. 
These animals are also called La7nelM>T<mcMates, because 
the gills form leai-like membranes or plates on the sides of 
the body ; the word being derived from a Latin and a Greek 
word, lamella, a plate, and trancMa, gill. The following 
figures represent a few animals of this class : 
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■TJB-KiNGDOM Akthkofoda {Inseots, Spider. 
Crabs, etc.). 
Class Inseeta (beetles, bugs, butterflies, etc.). — Animals 
loee bodies are made up of segments grouped together in 
ree regions, the head, thorax, and abdomen ; having three 
irs of jointed legs, and one or two pairs of wings, and 
eathing air through openings in the sides of the body, 
le word inseeta comes from a Latin word, mseco, I cut into, 
ferring to the distinct separation of the body into regions. 
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Class Myriopoda, (centipedes, millepedes). Animals com- 
posed of many segments. These not apparently combined 
into regions, except the head, which is distinct. The number 
of pairs of l^s coinciding witli the number of segments. 
Breathing air through openings in the sides of the body. 

The word -myriopoda is derived from two Greek words, 
(, ten tliousand, wii^poua, foot. 
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Class Arachnida (spiders). Animals whose Lodies are 
segmented. The segments grouped together into two regions, 
the cephalo-thorax and abdomen. Having four pairs of 
legs, and breathing air through openings in the body. 

The word arachnida is derived from a Greet word, 
a/yaoJme, spider. 





SiiB-KiKGDOM Vekmes (womis). Class Amielida (angle- 
worms, leeches, certain seatworms, etc.). Animals whose 
bodies are made np of an indefinite number of segments, 
bearing appendages which are not jointed, and in the larger 
number of groups having bunches of bristles or setm upon 
the sides of the body which act as supplementary organs of 
locomotion. The name minelida is derived from the Latin 
word a/Mhulus, a ring. 
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Class Crustacea (lobsters, crabs, barnacles, etc.). Diflicu 
to define, "but including animals which pass through a serit 
of moults in their growth, though in this respect resemhlin 
the spiders, and breathing by means of gills, and in th 
respect diffeiing from other arthropods. 
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ScE-KiNGDOM Veetebrata, with tlie foUowir 
which were otiIt briefly allnded to; Fish 
liejMles, Birds, Mammals. According to a late claseifiea- 
tion of Professor Hoxley's, these classes would stand Ichihy- 
e^sida, which includes the Fishes and Amphibians ; Sa/u- 
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., wbicli includes the Keptilos, and Birds; and 1 



Ichthyopsida is derived from two Greek words, ich 
a iish, and opsis, appearance. Sauropaida comes from 
Greek words, muros, a lizard, and opsis, appearance. 
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To those who care to pursue the subject more in detail with 
their classes, or to present the history of those groups of ani- 
mals of which no mention has been made in this book, the 
author would suggest the following publications, among many 
others of value, as works of reference : 

Woodward's Manual of Mollusca. 

Marine Mammalia and American WIiale-Fishery. Bj Oaptnin C. M. Scammon, 

U. a E. M. 
Soa-aida Studies in Natural ffiatoiT. Bj Mrs. Agassiz and Alesander Agaasiz. 
Corals and Ooral lelands. By Prof. J. D. Dana. 
Focfcard's Guide to the Study of Insects. 
Inaeota injurioua to V^etation. Harris. 
The Aminal Eepovts of the Slate of Missouri on the Noxious, BeneSt^ial, and 

other Inseola. Bj Prof. C. V. Riley. 
Fnited States Fish OoramisMoners' Report for IS11~"72. By Prof. Spencer P. 

Biurd. Containing Talnable illustrated ohaptera on the Moltuaca, Cmstaeea, 

Worma, eto., by Prof. A. B. Verrill and S, I. Smith. 
Key to KorUi American Birds. By Dr. Elliot Coues, U. S, A. 
Osteology of MammaBa. Flonec. 

A HjBtory of North American Birds. By Baird, Brewer, and Eidgeway. 
Canadian Entomologist. 
Forma of Animal Life, Rolleston. 
Methods of Study in Natural History. By Prof, L, Agassiz. 
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And for general information; tlie works of Dai'win, Hiixley, 
Owen, "Wallaoe, Mivart, J.ubbock, and the Duke of Argyle, 
and also 

N(Uwe, a weeklj magazine published in Londua, and uonfjiiniiii? an infinite 
Tariety of oontiibudona from Englieli and Continenlal naturnlisla. 

The AJmerieait NrOaraiist, a popular illustrated magazine of natural Wstorj. 
Edited by Dr. A. S. Packard and F. W. Putaam, and published in Salem, Maesa- 
oliuaetta ; containing a voat amount of informatioft b j lockwood, Allen, Cones, 
Verrill, SnuUi, Steams, Soudder, Emerton, Gill, Putnam, Packard, Hyatt, Mann, 
Marsh, Dall, Cooper, Gill, Cope, lUdgewaj, Wood, Abbott, Trippa, Le Conte, 
Wyman, Dawson, Grote, Mayer, Gentry, Shaler, Wilder, Aikiu, Treat, Perkina, 
Eiley, AgaEsia, Dana, Hill, Uliler, Edworde, Tutfie, Teuney, Ward, Hogen, Hartt, 
Shimmer, Hartshome, Ritchie, Tilsdale, Hoy, Orton, Lewis, Lddy, Biigbam, 
Scammon, Binney, Stimpson, Collma, Fowler, Wallter, Jordan, Wright, Norton, 
Maynard, Canfield, Fellowes, Endicott, and others. 

The Popular Sdenee Monthly, edited by Prof. E. L. Toumans, and pnbhshed 
by D. Appleton h Co., New York ; containing valuable illustrated articles by 
American and European naturalisls. 

Every school library should, if posable, coutain a complete set of Nature, the 
.Wiiisj^Ksi, and The Popidar Seitnce Monthly. For special descriptionfl of species, 
the miscellaneous collection of the Smithsonian lustitntion, with eoiitribotions 
by SlJmpson, Gill, Bland, Binney, Prime, Tcyon, and others. Also the Ameritan 
Journal of Seieace and Art, and the pnbUeatioaa of the Boston Society of Natu- 
ral History, Philadelphia Academy of Sciences, New Tork Lyceum of Natural 
iTistocy, Bufelo Academy of Natural Sciences, California Academy of Natural 
Saences, Portland Society of Natural Ffiatory, Museum of Comparative Zocilogy, 
Peabodj Academy of Science, etc. 

Ai) these last-named publications should be found in the 
larger libranes of the country. 



THE UND. 
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Ilppletons' Standaid Scientific Text-Books, 



gned to cultivate the Otaerving 
iimo. 183 pages. ¥1.00. 
This little book hss prDvcd a vioadsdal suci;ess, and is empha^cally a step in Ihs 
ligbt diiectiDn. Although 11 ha9 been issued but a short dme, it has beea adopted for 
nae in the cities of Chicago, St. Louis, New York, Columhus, Nashville, Milwaukee, 
etc, etc., and in the Slates of Maryland, Illincjs, and Atkansas. It is to be speedily 
fbllowed U the Second Book of Botany and six large and beaucifully-coloced Botanical 
ChorB, after the plan of Henslow. 
Hon. Supetiotendent Eateman, rf Illinois, says; " As a sample of tb£ irtie melkad 

ing of the highest praise. In this respect I baTS seen nothing equal to it. The same 
method, pursued in all the nanuel sciences, would soon give us a generation of accu- 
rate and intelligent young obstrvert of natural objects and phenomena, and change for 
the better the whole tone and character of common-school instruction. 

"Newtom Batruam, Svft Public Inilmctim." 



Quackenbos's Philosophy has kng been a £iYorite Tenl-BooV. To those who have 
^e5dy''3''u^t*a careM'"l^i™t;o"of IkcwSi^ ''we'^Drid''he«mTrel^a™hat 

aud the general acceptance of new theories respecting Heat, Light, and Electndty, 

the CorreTalion and Conservation of Forces, etc. The ptesent £didon U in all respects 

an accurate exponent of the present state of science. 

Hiutley Eind Yonmans's Pliyaiolosy. llie Elements of Physiology and 
Hygiene, A Texl-Book tor Educational Institutions. By Thomas H. Huxlbv, 
F.R.S., and William jAvYoUMaMS,M.D. ismc 410 pages. 

NidiolBon's Text-Book of Oeoloery. Well condensed, accurate, and clear. 

Nichi>IaoiL's Text-Book of Zoology. A comprehensive Manual for the use 

■Wrage's German GTammar ; based on the Natural Method— ZnK^iogif he. 
Jon Grammar. Teaches German rapidly, pleasantly, and thoroughly, iimo. 



D. APPLETON & CO., 549 & 551 Broadway, N. V. 
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Lockyer's Astronomy. 

AMEBIOAN EDITION. 

"TUiH 13 toy far the oleareat and beat manual of Astronomy we 

have ever seen, A child may nnderatand it— and yet 

it contains information whloh will be new to 

all who have not time to follow the 

I^t Bttily l^mt^. 

The opinion of the critic of the Tvmes, given above, 
is that of all who have examined this sterling school- 
book, which is winning golden opinions everywhere. 
Out of hosts of letters, we have space for the following 
only :— 

"LofJiyer'a ElemenU of ABUDnomy la a woris of rare axceleiice. As n tsxt-boot for 
the UB6 of Bctools it ia tmtarpoised by any work oa tliat Bn!(j60t with wlilcli I am ae- 
^nainted."— Pno». Johh S. Habt, SbOe Jformal aSM li-mtoa, IT. J. 

' I IMnk it m excelleDt work— well calenlafefl 6f olasa nae by pn^ ol so aeademlo 
gmSe. The armD^emeift ond typography are worthy of ^?clal conuDeiidiLtioc. It JB 



''It \s die best achool-ljook on Astronomy tliat I erer Ban. The spectra of the smi, 
stars, and nebntes hswotOj the price of the book. The diagrams are eMelent. 1 
deem it anperlor to all ofliw bnofca on that sdence wltli wlich 1 am naqu^ted. 0/ 
course I aMII nsa it"— W. H. Pm, A. M^ FHac. IHawffSip Academy. 

" I have examtoed with mnct satlstBetJoa lie admimble dementnry b^atlee 
taroomy by LoOkyer. B famiBhes the reader with the means of lenmlng tn a ehort 
time the greot tfeatnrea of the modern progrees of Astronomy. Mo boot (escept, per- 
haps, Toumsna'a Hew OhemisliJ) has appeared, which BO oa^, yet tborooehly, pre- 
pares the resder K>r the snbfleqnent etudy of that mighty ancillary to modem science— 
Bpecimm-anoJydB. Moreover It presents, In a dear and snwinet s^le, Ihe relattoos 
the TBrions parts of the alollar nniverse. be^ea inducting the lenmer into that nt^leoted 
bnmdi of Astronomy Itnown aa Geography of Ihe Heayens. Its illustrations are genn 
Ine aids to the eomprehen^n of the aubjeet-matle!-."— DAVm Bbatthi, Supt 7iv. 
( JK r.) C% &toji!. 

"Ihareesflinlneditwithaire, and find it admirably ad.ipted ibr use In schools. J 
Is so plainly written and so fnhy Ulnstrated as to i-ender it specially siiiWil for beghmera 
hi the science, and, at iie same time, profitable foi' adTonced stndents."- Peof. C. St.- ■ 
ixY, Unioti Coliege. 

"It is a dear and beanlJtiil nnibldtog of a profbund and ftaohiattog aubjeot. 
aeema to me admirably adapted lo ihe academic grade of atudeats. Not attempting to 
discuss those problems and theoriea of the Bciencc ftn' which such pupils have neithai' 
the time nor the oapadlj, the antbor haa glTon an ontllne of the sul^ect that is clear, 
Buffldently eomplelB, and thoroi^bly modem."— Pnor. BEiDtET, Friac Ali<my Frsi 
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VHE FIRST BOOK OF BOTANY 

Beeigned to coltivate tlie ObserTiug Paweis of CMldren. 

By e;il,i>:a a. yoxtmans. 

Plica, SI. 

This book isinconleslablj enpetlor to aU oiheia of its kind, In two eeaeo 
till respects : 

First, it is the beet book for alt bigiimers in hotany, whatever theh'oge, 
beoanee tliB nuJlments ottlie aulaenlaie rednceil to thelt utmost BimpUflcs 
.1 — —a .1, 4.v_,4-.j_ 1 in planiB themBelraa. To atndy botany withoni 



slnd'ytoe ^utB ie a mookeiy of educaUoi 
Knowledge, hot to sham knoivledao. Miss 



Btnt^ of the pltmtB from tlie b^nnine to the end ; the book being on^ » 
snide and a help. 

Skoomb, this First Book of Botany la the onl j eohooi-hook we have, Hiat 

Srovldes vTBtsmaittcaUj' for tbe cnitivatiou of the obseniag potve^a of chii- 
rOD. It piactlsee them Id noticing, seai'chlng, comporine, dnd raaaoning, 
with rebrence to objects IhemseiTes— the maat impOTtsnt and neglected 
part of our menial ci^ltnre. 1q short, the plan of this book combines the 
praitical acquisition, of one of the most (aai^natlnH and naeml of the 
Bidancea. wi&i ibat kind of iBtcllacinal training wbichft Bhould He the high- 
est pDrpose of education to confer. 

From Prof. John 8. HiBT, I^ndpai qf the Trenton Sormal bc/uKl. 

This iitBa book aeemB to me to supply the vers Ihlne needed in our 

eonrae of primary instmcUon. I refer nol: to tlia etiioyof bolony, bntlo Oie 

method o{ atndying it here developed. We haieherea fonrtb fuudamental 



The authoreas has nnq.Qastionabi'^ tiiie coueeplion of tie dnty of the 
taaciiBr. Breiy eSbrt la made to keep the atteoHoa of Hie stndent ni 



j.ct to be studied, and ao well haa she mceeeded tiiat ^ 

that tlie BCndent can do nothing with Ike book nnlesa he haa th< ^ 
in hand. The plan is so atranged as to Tie Bullable for a primarj- 
but the method is --■ ._.. -v...,, _.r. w. . 



t npoD tbe 
su^bh; 

„ , . Lij school, 

hod Is one which may apply to the college as well. We haaililj 

every teacher in. any department of natural aclenoa who Is wise 

enough to doa1>t the peifectlon of hiB methods, to lOok over tills book. 
JVwm Bdwabb Smith, SMjMTiadnii/sniij^SoAoDi; %rai!uee, JK T. 
Miss Tonmaas's Botany is the only work I have ever aeea that meelii the 
wants of onr schools in the lower emdos. I believe It will do mora to turn 
the attention of instraclora into the proper channel for the education of 
children than any thing heretolbre publiabed. 

SVornVTOt-WB. F, PHBtPa, Principally the Normal Schooi, Winona, Minn, 

lam delighted with this little work, Itglvesuaawim^^p^irolbrOiede- 

velopment m the obaervlng powers of the young. Send ua at once 150 copies. 

Atlar using it several weeks, Prof, Phelpa [huaoloBCa an elaborate notice 

of the-book in the Winona SspuMiam ,- 

Every class iu the Institution la now devoting a regular portlin of its 

...... ,_.,_._.,.■ , Id in this practical way. Thoi — '- " — 

iSeneSatu— '-' "- -*■■ 



&r are highly satislacton. munawaKe/ieixanewiaiermmaBuaytArcue/lr 
eat the sdtool. Many, who have beretofore bean indl^rent in their work, 
have taken hold with great zeal, and are pureulng tUs ftadnattng branch 
with ardor and enl^nglaBin, It is noiuicommon spectacle to seeebtldren 
oocnpytng theii play-hours vnth a bunch of pl^ts, and, book in band, pnr- 
Buhig this study as a pastime. Thia, surely, la an unerring test of Its value, 
as ills the highest recommendation that conia bo riven of Its arlaptation !<• 
the wants of onr primary achoolB. 
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INTERNATIONAL SCIENTIFIC SERIES. 

NOW READY. 
1. FOBBLS OP WATER, inCloudB, Rain, RLvers, Toe, and Glaciers. By 
Pro£ JobnTyhdall, LL.D., F. R. S. ivol. Cloth. Price, $1.50. 
. S. PHYSICS AND POLITIOS! or, Thoughts on die Application of ilie 
Principles of Nalural Selection " and " Inheritance " to Political Society. 
By Walter Bagbhot, Esq., author of " The Enghsh Constitution." 1 
vol. Cloth. Price, $r.5o. 
. 3. FOQBS. By Edwakb SutTH, M. D., LL. B„ F. E. S. 1 vol. Cloth 
Price, $r.7S. 

4. MIND AND BODY, The Theotie? of their Rela^on. By Alex. 

is.iio! Cloth.' Price, iPi. so. 

5. THE STUDir OF SOOIOLOQT. By Hchbibt Spencee. Piice, 

6. THE NEW CHBMIIETRY, By Prof. JoiyAH P. Cookb, Jr., of Har- 
vard University, i vol., ijma Goth. P 'ce $ 00 

. 7. THE CONSEEVATIOM OB' ENKEOY B P f Balfour 
Stkwahl', LL. D., F.R. S. i vol., lano Coh Pn $ 50. 

. S. AHIBIAL LOCOMOTION'; or, W k g S mm ng and Flying, 
with a Dissertation on Aeronautics. B T Bell Pett gbe , M. D., 
F.R. S., F.R.S. E., F. E.C.P. E. 1 ol amo. Fu y il ustiat=d. 
Price, $,.„. . 
I. BESPOMSIBILITY IN StENTAi:. DISEASE B Hekhv 
Maudblev, M.D. rvol.. iimo. Cloth P $0. 

1. 10. THE SCIENCE OP LAW. By Prof. Sheldon Amos, i vol., ismo. 
Cloth. Price, ti. 75. 
LI. ANIMATj MECHANISn. ?. Treatise on Terrestrial and Aeria! 



1. THE DOOTBINE OP DESCENT AND DARWINISM. 



LL. D. Edited by Rev. M. J. BERitELEY, M. A., F. L. S. With 109 
Illustrations. Price, ti.50. 
ITo. 16. THE LIFE AND GEOWTH OP LAWQUAGE. By Prof. 

?o. ir. THE NATTTBE OP LIGHT, with a General Account of Physical 
Optits. By Dr. ElfGHNE LOMMBt, Professor of Physics in' the University 
of Erlaii£en. With iE3 lllustratioBS and a Place of Spectra inChromo- 
lllhography. {In^ess.) 

D. APPLETON & CO., Publishers, 549 & 551 Broadway, N. V. 
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TON & Co, have the pieasure of announcing that they 
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and have 
r small woAa. 1 
the most inter 



■eluded in the lul^inned lial^ from vhich ._ .. 
fit diBtingiiiahed pnsfessors in England, Geijns 
:en scented, and negotiations are pending for 



The woAs will be issued in New York, London, Paris, Leipric, Milan 
^inated and oi^aniaed by Dr. K L, Youmans, who spent tlie greater pan of a ' 
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opinions of the Press on the "International Scientific Series." 

TyndaU's Forms of Water. 

I vol., I2mo. Cloth. Illustrated Price, $1.50. 

"In the volume now published, Professor Tyiid all has presmted a nnble illustiaiion 
of the HQianess snd suttlety of hia intcllictual powers, ihe scope and iiislght of hia 
scLenllfic vision, his sipgular command of Ihe appruptiale langu^e of exposition, and 

r=5earch."-iV. F. Trihtne. 

"The ■ Forms of Water,' by Professor Tyndall, is an inlerestiiiE and inatrucliTO 
little -volume, admirably printed mid illustrated. Prepared exptessly fijr this seiies, il 

indiCBtion that the publishers will spai? no pains to inelude in the series the freshesL in- 
vesrigatiena of ihe best soienti^ minds. "^^StfJtoM yourvti- 

"This series is admitably commenced by this little volume f^om the pen of Prof. 
Tyndall. A peifect raaster of his subiect, he presents in a slyle easy and attractive hii 



Bagehot's Physics and Politics. 

I vol., l2mo. Price, $1.50, 

" If Hie ' International Sdendlic Series ■ proceeds as it has bcgtin, it will more ihap 
rulhl the swomise given to the ivadiog public in lis prospectus. The iirsi volume, by 

ve have a second, by Mr. Waller Bagehot, which 12 not only very lucid and chajming, 
but also oiiginal and suggestive in the highest degree. Nowhere since the public^od 
of Sir Henry Maine's "Ancient Law,' have we seen so many fmiiful thoughB sug- 
gested in the course of a couple of hundred pages. . . , TodojusticetoMr. Bage- 
hof 3 fertile hook, would require a long article. With the best of intentions, we are 

hope we have said enough to commend it to the attention of the thoughdiil reader."— 
Prof. John Fiske, in the AUanlic MeMhly. 

"Mr. Bagehot's style is clear snd vigorous. We refi^In fi-om giving a fuller ac- 
count of these suggestive essays, only because we ate sure diat our readers «il! find il 
worth their while to peruse the book for themselves; and we sincerely hope that ths 
forthcoming parts of the 'International Scientific Series' will be na interesting. "- 
Athsaamn. 

" Mr. Eagehot discusses an immense variety of topics connected with the pw^ess 
pf societjes and nations, and the development of their distinctive peculiarities i and Iiii 
book shows an abundance of ingenious and original Ihoi^ht."— Alfred Eubsbli 



D. APPLETON .'fc CO., PuHiihers, 549 & 551 Broadway, N. Y. 
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ileyiiig the eITfcIs of sleep ani 
■S"DrrSmlth^a~owireipHii.snl3, posaess a vtcy high vX^ "wehsYc' 



Opmivns of the Press on the " International Scientific Series." 
Ill, 

Foods. 

By Dr. EDWARD SMITH. 
I vol,, lamo. Cloth, llliislrated Price, $1.75. 

iKKd M Iheablesl man in England to "eat the importanl subject of Foods. His services 
were secured Ibr the underEakjug, and the little treadse he has produced shows thai: the 
chuiceofa writer on this sulgect was most fimunate, as the book is unquestionably the 
clearest and best-digested compeud of the Science of Foods that has appeared in out 
langu^^. 
"Tbeb. 

pegially linked. —£o«<4j« Enitminer. 

"The union of seieutifio and popiilac treatment in the coniposilion o£ this work will 
aflbrd an attraction to many readers who would have been indiifeKnt to purely theoreti- 
cal det^ls. . . . Sdll hie wvtk abounds in infocoiation, much of which is of great value, 
and a part of which could not ea^ly be obtamed from other soiiices, Its interest is de- 
cidedly enhanced tor students who demand both clearness and eiactoess of statement, 
by the profusion of well-executed woodcuts, diagrams, and tables, which accompany th^ 

rious forms of alcohol, although pcrhajis not Eltictly of a novel character, are highly in- 
smictive, and form an interesting portion of the volume."— JV. Y. Trioane. 



Body and Mind. 

THE THEORIES OF THEIR RELATION. 

By ALEXANDER BAIN, LL. D. 

I vol..- 12mo, Qoth Price, %l-'~P- 

ot valid psychology unless the mind and the body are studied, as they esist, together, 
■ " It contains a filrcible statement of the connection between mind and body, study- 
ing thar subtile interwotlimgs by the light of the most recent phyanlogical invcstipi- 
tions. The summary in Chapter V., of the investigations of Dr. Lionel Beale of the 
embodiment of the inteUectual functions in the cerebral system, mil be found the 
freshest and moat interesting part of his book. Prof. Bain's own theory of the connec- 
^on between the mental and the bodily part in man is stated b^ himself to he aafollows: 

of mind with hi^n, he yet dmies ' tbe asaooatianir union inflact' hut asserts the 
iiBion of close Euccessnon in tunc.'holdmg that 'the same being is, by alternate fits, itD- 
der extended and under uneilended consciousness." ' — CkrisHall Rl'glsltr. 

D. APPLETON & CO., Publishers, 549 & 551 Broadway, N. V. 
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■ofis of Ike Fress on the " International Scientific Series.''^ 

The Study of Sociology. 

By HERBERT SPENCER. 

, lamo. Qoth Price, $1.50. 

le philoaopher whose dislinguished name gives -weight and influence to this vol. 
IS given in its pages some of the finest specimens of reasoning in all its forms 

" ' ' '' ' "'' ' " ti 

1 BUEIained f^urt, on the pait of 
iu», Kiflsp, a.«. ap|.rui,riate V- —'---'- -^i- '— ■'■ 

upon EOCicJogy, is valuable as 

Whidl entitle any arT^ngetOeni auu i.uiui&::uuu m jht*B mju u^uih^uvus lu i-t vtfhi^ t 

" ThiB wtrk compels admiration by the evidence which it gives of immense re- 
Btjle. 'itisa'fesdnatingworlt, as well as one' of deep piaclicaf thought,"— ^aji./'oii. 

for iiiemorepkinlyaddre^d to the people and baa a more prJictical and less specu- 
lative cast It will require tboiight, but it is well worth dmikiug ^oat."^-A!iany 



I treatment of acknowledged di^cultia and grave obiectiQna to his tJieotics 
■ ■ ■ ■" rl, Qnthepartoftliet=ader,ioeomnrehe: 

ilss. This book, in<lependeDtl; of its \ 



The New Chemistry. 

By JOSIAII P. COOKE, JR., 
ig Professor of Chemistry and Mlneralosy in Harvard Univetsity, 

mo. Clotli Price, $2 

>k of Prof. Cooke !a a model of the modem popular science work. 1 

iiiher for the voyage or the study," — Daily Graphic, 

mii^ble monograph, hy lihe ^tinguished Ervin^Frofessor of Chen 

iject has not appeared in a kog i 



iated, but its reprodiieiion 
■■ -■orkTribuni. 

"All the chemists in die country will el^oy its perusal, andmsni 
„■ ., ,,. .._._... --vancBa students who have kE 



m philosophy. To those - — -, j — c--- — ,-, 

. ^ :iools since new methods have prevailed, it presents a 

e^ieralisaticn, drBwinc to its use all the data, the relations of which the newly-fledfied 
feet-seeker may hut iGraly perceive wiflioul its aid. . . . To the old chemutls, Piof. 
Cooke's treatise is like a message ftom beyond the mountain. They ha"e heard of 
changes b the science; the da>h of the bsttle of old and new theories ha? stirred them 
ftomafer. The tidings, tofthad come that the old had given way; and lull e more than 
this they knew. . . . Prof OMke's ' New Chemistry' must do wide service in bnnguig 
to dose Bght the little known aod the longed for. . , . As a philosophy it la elemen- 

D. APPLETON & CO., Publishers, 549 S 551 Broadway, N. V. 



Hosted =vGoogIe 



opinions of the Press on the '■'• JiiternationaX Scieniijic Series." 
VII. 

The Conservation of Energy. 

By BALFOUR STEWART, LL. D., I". R. S. 

With an A^fmdix treitHng of ihi Vilol arid JUialal Applkaiioss iff Ike Decirme. 

I vol., larao. Cloth. Price, $1.50. 

/'The author has succeeded in presenting tha facts in 3 clear and sa^sfactory manoa, 

cipFe^.^oSning Wmself, howe/er, to 'the physical" aspect ai the sa^izy In Ihe Ap- 

lhc'eSMy3''oT:Kof=^ts Le Uonlf' and Bain."— 0.4w^B™cr, 



cellent illusltation of the true method of teaching, and will well compate with Ptof. 
Tyndail'a charming little booh it. die same seiieE on ' Forme of Water,'' with illuatra. 
Itone enoucti 10 make clear, but not to conceal faU thoughts, in a style simple and 



Animal Locomotion; 

Or=, WALKING, SWIMMING, AND FLYING. 



^ „. ... iovestig^Ltionfi with the ultimate -purpose l. ,_. 

igthedifBcnltprohlemofASmnandca. To this he devoles the last fifty pMes of his 
laok. Dr. Pettisrew is confident that man will yet conquer the domain of the sir."-' 
1'. y. Journal of Co,n,mrc. 

"MoatpersnnselHlmloknowhowto walk, hut few could explain themeclianioal 
irlnciples mvnlyed in this mMt ordinary transaction, and_will he_ S1lipri«d Aat the 

uadcfli^hlofOiedeBizensof theair, arenot only anoloeous, bnt can be reduced to 
imilar foimula. The work iii profusely ilhistraled, snd, without reference 10 the theory 
t is deaRned to eipound, will be regarded as a valuatle addition 10 nalutal history.'" 
-Omaha Republic. 

D. APPLETON & CO., Pubushees, 549 & 551 Broadway, N. Y. 
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opinions of ths Press on the '' Iniernaiional Sdenlific Series.''' 
IX. 

Responsibility in Mental Disease. 

By HENRY MAUDSLEY, M. D., 

Fclloivofthe Royal CoHegi of Physicians; Professor of Medical Jurisprudence 

in Univeraiy ColleBC London. 

I voL, l2ino. Clolh. . . Price, $1.50. 

" Havirig iMtured in a medical college on Mental Disease, this book has been a 
feast to us. It handles a orentBulgect in a maaterljr manner, and, in our judgment, the 
positions lakenby the aumor are correct and well sueiamed." — Fsniot and People. 

•• The author is at home in his iul^ecL and presents his views in an almost Angu- 
larly dear and satisfcciory manner. . . . The volume is a valuable contribulion lo one 
of ite meat difficult, and at Ihe same time one of the most imporlant subjects of mves- 
tigation at the present day."— JV. V. Observer. 

" It is a work profiiund and searching, and abounds in wisdom."— /VVftfoiiy Com. 



The Science of Law. 

By SHELDON AMOS, M.A., 

^™^="vTew'^oESIel™en^ofJiu:i5pmS''ce,""^AEnslishCrfe,iLDifflcoll^s™'' 
and tlie Modes of overcoming them," etc, etc 

I vol., 12mo, aolh Price, $1,75. 

"The valuable series of 'International Scientific' works, prepared by eminent i] 
Bialists, witli the intention of popularizing information in their several branches 
vitowledge, has received a good accession in this compact and thoughtful ■ ' 
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opinions of tke Press on. the ^^International Scientific Series" 

Animal Mechanism, 

A Treatise on Terrestrial and Aerial Locomotion. 
By E. J. MAREY, 

With 117 lilusltations, drawn and engravsd under the direction of the author. 

1 vol., isniD. Ctoth Prico, 81.73 

" W^e hope Ihal^ in the shott glance which we have taken of some of the most icn- 
portant points diecuEsed in the woi^ betbie vs, we have succeeded in interesting our 
readers sufficiently m its couteDts to make them curiaua to leani mere of its su^ecc- 

"The a.uihor of the pRsEnt work, it isnell imown, stands at the head cf those 

may almost Eaf that he has made the sul^ect his own. By the ariginality of his con- 

ance of his investigations, he has surpassed all odiers in Elie power of unveUing the 
l^>mp]exand intricate movements of animated beings. ■'-J'p/>7//nr5«EMj.^D.i/*^. 



History of the Conflict between 
Religion and Science. 

By JOHN WILLIAM DRAPER, M. D., LL.D., 
Author of "The Inleilectual Development of Em-ope," 

1 vdL, lamo. Price, 81.75. 

"Tliis Utde ' History' would have bean a valuabts conttibution to lifeiature at any 

small compliment to the sagadtyofilsdistinsuished author that he has so well gaueed 
the requirements of the dmes, and so ademiarcly met Ihem bji the preparation of this 

biliiy in his statements, and hag written with entire fidelity I D the demands c^tcuth 
and iustiec, "there is not a word ia his book that can give ofieuse to candid and fair- 
minded readers."— A^. y. Enating Past. 

" The key-note to this volume is found in tbe antagonism between the progressive 
tendencies of the human mind and the pretensions of ecclesiastical authority, as dcvel- 
opail in the history of modem science. N't! previous writer hss treated the subject 
from this point of view, and the present monograph will be found to possess no less 
origiualitv of coaception than vigor of reasoning and wealth of eruditioD. . . . The 

cussion, IS marked by'singu^ impardality as well as consumniate ability. Through. 
out his work he maintains the position ofaii lustotian, notof anadvocste. His tone is 
tranquil and setene, as becomes the search aftei' truth, with no trace of the impassioned 
ardor of controversy. He endeavors so &r to idenl^ himself with the contending 

submits theu' acdons to the teals of a coot and impartial eiainination. "—A''. Y. THbiine. 
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